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HOW WOULD YOU DEFINE 
the diuretic? 


The qualities to be sought in an ideal diuretic have been 
listed! as follows: 

“(1) Sustained rather than abrupt violent action. 
(2) Reduced capacity for electrolyte upheaval. 


(3) Convenience of administration; self-administration (oral, 
rectal, or subcutaneous). 


(4) Decreased toxicity (systemic and local irritant action, 
especially of the gastromtestinal tract). 


(5) Effectiveness where others are ineffectual or contra- 
indicated. 


(6) Applicability in cases with a history of allergic reaction 
to other diuretics.” 


It would be rash to term any drug ideal. It is safe to say, 
however, that Aldactone very closely approximates these six 
requirements. Most importantly, Aldactone often relieves 
edema and ascites resistant or not optimally responsive to 
conventional diuretics. By blocking the action of the potent 
salt-retaining hormone, aldosterone, Aldactone, used alone 
or in synergistic combination with other potent agents, estab- 
lishes satisfactory diuresis in most edematous patients who 
have heretofore been considered beyond the help of medical 
management. Aldactone offers a fundamentally new approach 
to the control of edema in such disorders as congestive heart 
failure, hepatic cirrhosis, the nephrotic syndrome and idio- 
pathic edema. 


ALDA CT ON. Es is supplied as compression-coated yellow tablets of 100 mg. 


(brand of spironolactone) 
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tion and a clinical trial supply of Hedulin, write to Walker Laboratories, Inc., Mount Vernon, N. Y. 
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The best has been improved. PETN, 
proven over the years to be the most effec- 
tive drug for preventing anginal attacks, 
has been improved by incorporating it into 
controlled disintegration capsules. Pentri- 
tol Tempules exhibit the benefits of PETN 
**.,.plus a smooth sustained clinical result 
that seemed to show a superior effect.””! 


Pentritol Tempules given every 12 hours 
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CONTENTS 


Editorial 


Development of the Electrocardiographic Exercise Test. Standardized Versus Non- 


Clinical Studies 
The Evolution of the Vectorcardiogram and Electrocardiogram of the Normal Infant. 

I. The Normal Newborn. . . . .  Epwin L. Lp, 


FreD W. WACHTEL, S. Rants AND ARTHUR BERNSTEIN 439 


Serial electrocardiographic and vectorcardiographic data have been obtained in fifty normal newborn 
infants. Typical patterns, suggestive of right ventricular hypertrophy in older age groups are described, 
but of interest are a fairly large number of variations from the expected patterns. These include upright 
T waves in the right precordial leads in infants more than one day old, as well as inverted T waves in the 
left precordial leads, patterns heretofor attributed by some to pathologic ventricular hypertrophy. 


The Evolution of the Vectorcardiogram and Electrocardiogram of the Normal Infant. 
II. Transition Toward Adult Patterns . . W. WACHTEL, 
Epwin L. ROTHFELD, WILLIAM S. KARLEN AND ARTHUR BERNSTEIN 450 


Vectorcardiograms and electrocardiograms in thirty-one normal infants at one month of age and in 
thirty-two at three months of age are compared with similar tracings taken in the original group of fifty 
infants at birth. In these infants the QRS sf loop shifted to the left and less anteriorly as compared with 
the newborn. It was also inscribed counterclockwise in the horizontal plane as opposed to predominantly 
clockwise inscription at birth. The electrocardiographic changes were less striking. The vectorcardio- 
gram has an advantage over the electrocardiogram in the diagnosis of abnormal right ventricular hyper- 
tropy in infants and children. 


The Normal Vectorcardiogram of Children 
Exiot YouNG, JEROME LIEBMAN AND ALEXANDER S. Napas 457 
The vectorcardiograms of 135 normal children, aged two through forteen years, were studied by means 


of the Grishman technic. Quantitative, as well as qualitative, analyses were undertaken. No significant 
differences from vectorcardiograms of normal adults could be detected. 


A Study of the Ventricular Gradient in Normal Infants and Children 
NicHOLas P. DEPASQUALE AND GEORGE E. BurcH 464 
The mean frontal planes AQRS, AT and G for children are similar to adult values except that the mean 


AQRS and G are of less magnitude during the first three years of life and AQRS is directed more to the 
right than in adults. Standards in the literature for adults apply also to children. 


Observations on the T Wave and S-T Segment Changes in the Precordial Electro- 
cardiogram of 320 Young Negro Adults 
JoHN THOMAS, EVELYN HARRIS AND GENORA LASSITER 468 


The electrocardiograms of 320 healthy young adult Negroes were examined. Only three (0.9 per cent) 
had inverted T waves over the precordium as far to the left as lead V3. A high incidence of S-T elevations 
and tall peaked T waves manifested itself among the men, often mimicking serious heart disease. 
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In acute, severe pain of myocardial origin, Demerol provides quick relief —with 
less danger of nausea, vomiting, and respiratory or circulatory depression. Demerol 
is administered by subcutaneous, intramuscular or slow intravenous injection. 
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Electrocardiographic Changes Produced by the Valsalva Maneuver in Healthy Adults 
NorMAN SHAFTEL, DAvip SELMAN, PAuL H. KuHN AND ALFRED HALPERN 
Duplicating some of nature’s own stresses these investigators observed significant electrocardiographic 
changes in 22.5 per cent of the 209 healthy persons during a standard Valsalva maneuver. Marked 
lowering of the T wave and S-T segment depressions were the most frequent changes; extrasystoles, partial 
heart block, QRS slurring and T-P fusion also occurred. These alterations are attributed to reduced 
coronary perfusion. 


Postoperative Changes in Blood Coagulation in Elderly Patients 
G1orGIO FERUGLIO, HERSHEL SANDBERG AND SAMUEL BELLET 


A coagulation profile of fifteen patients aged sixty-seven to ninety-three years reveals a much more definite 
trend toward hypercoagulability on the seventh postoperative day than did a similar study on younger 
patients. This is an important factor in the greater incidence of postoperative thromboembolic phe- 
nomena observed in elderly patients. In most patients a state of hypocoagulability developed on the third 
postoperative day. 


Comparison of Internal Mammary Artery Ligation and Sham Operation for Angina 
Pectoris. E. Grey Dimonp, C. FREDERICK KITTLE AND JAMES E. CROCKETT 


The strong psychotherapy of surgery proves equally effective in improving anginal complaints in patients 
undergoing internal mammary artery ligation or similar sham operations. The value of internal mam- 
mary artery ligation and other surgical therapy for angina pectoris must depend on supporting data 
other than patient reported improvement. A rearrangement of the provoking myocardial metabolites, a 
lessened sensory pathway or a decreased cerebral awareness may be responsible for the amelioration of 
angina in these patients. 


Acute Myocardial Infarction in a City Hospital. III. Experience with Shock 

Monte Malach and Benjamin A. Rosenberg 
A disturbing over-all mortality of 100 per cent occurred within twelve days after profound shock in 
twenty-five hospitalized patients with acute myocardial infarction. Congestive heart failure, tachycardia, 
arrhythmias and prolonged fever proved bad prognostic signs. Of seventeen patients treated with nor- 
epinephrine alone or in addition to phenylephrine, ten showed a pressor response and seven had relief of 
shock. These disappointing results indicate the grave prognosis of acute myocardial infarction with 
severe shock. 


Retrograde Arterial Catheterization of the Left Ventricle 
GERARDO Voc! AND NEIL A. J. HAMER 
Excellent left ventricular pressure pulse recordings were obtained in sixty of eighty patients by passing a 
catheter through the aortic valve from the right brachial artery. Advantages of this method include 
greater relative safety than other methods and the ease of simultaneous venous catheterization of the right 
side of the heart and measurement of the cardiac output for the evaluation of aortic and mitral valvular 
disease. 


Experimental Study 


The Effect of Quinidine on Tolerance to Digoxin 
Pau. L. RopENnsky; JoHN H. KATHE AND FRED WASSERMAN 
In acute experiments with dogs, the mean lethal dose of digoxin was determined. The effect of quinidine 
hydrochloride infusion on tolerance to digoxin was demonstrated to be somewhat variable, although in 
general there was no appreciable alteration in the lethal dose of digoxin. 
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LABORATORIES 
Division of 
Hoffmann-La Roche Inc. 
Nutley 10, N.J. 


new approach to the 
concept of 

“total management” 
in angina pectoris 
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potency /safety 


Marplan prevents or reduces anginal pain: 
Marplan is indicated primarily for patients 
with moderately severe to intractable an- 
gina pectoris. It has demonstrated a high 
degree of effectiveness. When used on a 
continuous dosage schedule, Marplan pre- 
vents pain, increases exercise tolerance 
and reduces nitroglycerin requirements. 


Marplan creates a more confident mental 
climate: Many angina patients display a 
more cheerful outlook when on Marplan 
therapy. This mental improvement is un- 
doubtedly due to the antidepressive ac- 
tion of Marplan. However, it should be 
stressed that Marplan is indicated for 
symptomatic control of angina pectoris. 
While it abolishes anginal pain (some pa- 
tients may achieve a virtually pain-free 
state), Marplan does not appear to in- 
fluence the EKG. Hence, as with pre- 
viously available prophylactic agents, it is 
imperative that patients be instructed to 
maintain the same restriction of activity 
in force prior to Marplan therapy. 


Marplan strikes a happy balance of po- 
tency /safety: Marplan has been shown 
to be considerably more potent than cer- 
tain other amine oxidase regulators. While 
clinically such increase in potency may 
be associated with increased side effects, 
Marplan strikes a happy balance of 
potency/safety. Marplan has shown 
markedly fewer of certain of the side reac- 
tions of the hydrazines and, moreover, in 
thousands of cases, there have been no re- 
ports of hepatitis attributable to Marplan. 
Nevertheless, all precautions set forth in 
the product literature should be strictly 
observed. Since the precise manner in 
which Marplan improves the cardiac 
status is as yet undefined, and since so 
many patients attain a virtually pain-free 
state, it is imperative that patients be in- 
structed to maintain the same restrictions 
of activity in force prior to Marplan 
therapy. 


Complete dosage information, available 
on request, should be consulted before 
prescribing Marplan. 
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New Method 


The Electrocardiogram During Exercise . . ALVIN H. FREIMAN, WILLIAM TOLLEs, 
WiuriaM J. CARBERY, PAUL RUEGSEGGER, RAMON F. ABARQUEZ AND JOHNS. LADuE 506 


A method is described for recording electrocardiographic leads during exercise, special electrodes and 
electrode positioning enable an appropriate recording to be obtained without excessive baseline shift or 
muscle tremor. The importance of such a technic for evaluating the stress of exercise and exposure to 
different environmental conditions is stressed. 


Reviews 


An Approach to the Action of the Cardiac Glycosides at a Cellular Level 
Joun C. Krantz, Jr. AND Jounson S. L. Linc 516 


Comprehensive studies of the action of the digitalis glycosides at a cellular and enzyme level have produced 
conflicting opinions. This article surveys the pertinent papers and presents a working consensus of prac- 
tical and theoretical value. The primary action of digitalis is on the heart, blocking atrioventricular 
conduction, slowing the rate directly and through vagal stimulation, and increasing the contractile force of 
the failing heart. Acetylcholine activity and the release of potassium ions are involved in this last action. 
In addition, a greater utilization of energy results from the cardiac glycosides, but only future studies will 
solve the secret of whether this involves a more efficient utilization of available intrinsic chemical energy to 
mechanical energy or an increase in oxygen consumption. 


The Toxicology of Digitalis. . . . . . . +. ANDREW P. SoMLyo 523 


This review includes a complete examination of various aspects of digitalis toxicity. Of interest are the 
examination of some of the less usually emphasized harmful effects of digitalis and a thorough discussion 
of recent attempts at treatment. It is stressed that digitalis toxicity is more likely to be encountered in 
elderly patients, those with advanced myocardial disease and those with potassium depletion. 


Historical Milestones 


Obstruction of the Thoracic Duct by Aortic Aneurysm (Turner 1859; Laennec, 1806) 
SAauL JARCHO 534 
This historical milestone recalls the feats of the nineteenth century clinicians in discovering the organic 
basis of disease and in establishing clinical methods for the recognition of disease intra vitam. Specifically it 
is concerned with the pioneer contributions of Turner and Laennec on the obstruction of the thoracic duct 
by aortic aneurysm. 


Report on Therapy 


Therapy of Stokes-Adams Syndrome. Report of Four Unusual Cases, with a Review 
of the Literature . . . THEODORE H. GOLDBERG AND RoBERT S. PALMAN 540 


The treatment of Stokes-Adams attacks is reviewed in this presentation of four cases illustrating different 
aspects of the syndrome. Attention to the underlying mechanism is stressed and examples are presented 
of the efficacy of drug therapy, mechanical stimulation by needling the heart and electronic pacing. 
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FOR BETTER MANAGEMENT OF HYPERTENSION 


a purified alkaloid of rauwolfia... lessens the frequency 
and/or severity of these reserpine side effects: 


mental depression bradycardia + sedation weakness 
¢ fatigue « lassitude « sleepiness « hightmares « gastro- 
intestinal effects 


useful alone for gradual, sustained lowering of blood 
pressure in mild to moderate labile hypertension 


useful as an adjunct to other types of antihypertensive 
agents, permitting their use in lower, better tolerated 
dosage 


Professional information available on request 


PFIZER LABORATORIES Division, Chas. Pfizer & Co., Inc. Brooklyn 6, N.Y. Science for the world’s well-being™ 
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Case Reports 


Left Aortic Arch (Posterior or Circumflex Type) with Right Descending Aorta 
R. Hem Barsac 546 


Discovered by chance during a routine radiologic examination, the fifth reported case of a left retro- 
esophageal aortic arch and descending aorta to the right of the spinal column (left circumflex aorta) is 
described in a seventy-seven year old man. The patient adapted well to this congenital aortic anomaly 
and lived to an advanced age without trouble. 


Simultaneous Surgical Treatment of Coexistent Coarctation of the Aorta and Aortic Val- 
vular Stenosis. P. CARRILLO RiverA, Howarp L. GApBoys AND ROBERT P. GLOVER 551 
This is an interesting case report of the successful surgical correction of coarctation of the aorta and aortic 
valvular stenosis during the same operative procedure. The pronounced elevation of left ventricular 
pressure (400 mm. Hg) produced by the combination of these lesions is emphasized. 


Glycogen Storage Disease of the Heart. First Case in Japan 
TAKAJIRO YAMAMOTO, ATSUHISA EGUCHI, 
MASAHIKO OxupairRA, Erko SuzuKI, TAKESHI YOKOYAMA AND JUNICHI TANABE 556 
The first recognized case of glycogen storage disease of the heart in Japan is reported in complete detail, 
including a postmortem examination. Initial symptoms of heart disease began at the age of five months. 


The patient died at two years and seven months of age. These patients usually die within the first year of 
life. 


Pulmonary Artery Aneurysm with Dissection After Blalock Operation for Tetralogy 
of Fallot. . . . . . . +. SAMUEL EPSTEIN AND Asput F. 560 
An uncommon late complication of the Blalock operation for tetralogy of Fallot is described in this interest- 
ing case report of pulmonary artery aneurysm with dissection. This was diagnosed antemortem and 
confirmed in a detailed postmortem examination of a nineteen year old student who died twelve and a 
half years after the operation. The need for open cardiotomy in the management of the tetralogy of 
Fallot is emphasized. 


Diagnostic Shelf 


Dissociation of Pacemakers Located within the Atrioventricular Node 
RosBerT B. CHEVALIER AND CHARLES FiscH 564 


This is an analysis of a case of dissociation within the AV node with wandering of the upper nodal pace- 
maker and “‘double’’ nodal tachycardia. 
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NEW BOOKS 


FOR THE CARDIOLOGIST 


THE ANTI-GLOBULIN (COOMBS) TEST IN 
LABORATORY PRACTICE by I. Dunsford and 
Jean Grant of the National Blood Transfusion Serv- 
ice of Sheffield and Oxford, England, respectively. 
For the first time it is possible for the student to as- 
sess everything that is known about the anti-globu- 
lin reaction, comprehend the underlying principles 
and be able to apply them correctly in practice. 
Pub. Jan. ’60, 134 pp., 18 il., 11 tables, $3.50 


NEW METHODS OF STUDYING GASEOUS 
EXCHANGE AND PULMONARY FUNCTION 
by Alfred Fleisch, Lausanne Univ., Switzerland. 
Authorized translation by Charles Corsi. A com- 
prehensive survey of the means available for assess- 
ing and measuring circulation and respiratory func- 
tion under conditions of rest and exercise. The au- 
thor describes new methods and original apparatus 
which he has devised and developed. Pub. Jan. 
760, 132 pp., 33 il., $5.75 


CHEMISTRY OF HEART FAILURE by 
William C. Holland and Richard L. Klein, both 
of the Univ. of Mississippi, Jackson. A con- 
cise and provocative analysis of the physico-chemi- 
cal mechanism of contraction in the normal and 
failing heart and the mode of action of digitalis. 
(Amer. Lec. Living Chemistry) Publication date 
May 1960 


CARDIAC RESUSCITATION edited by J. Willis 
Hurst, Emory Univ. School of Medicine, Atlanta, 
Ga. What circumstances determine whether a pa- 
tient should be resuscitated? What are the legal 
problems involved? What are the religious prob- 
lems? A panel of eight pioneers and experts in the 
field presents a broad view of the subject. Pub. 
Jan. ’60, 152 pp., 29 il., $5.50 


FACTORS CONTROLLING ERYTHROPOIE- 
SIS by James W. Linman, Northwestern Univ. 
Medical School, Chicago, and Frank H. Bethell, 
Univ. of Michigan, Ann Arbor. Deals chiefly 
with experimental evidence which indicates that 
humoral factors are of primary importance in the 
physiologic and pathophysiologic control of eryth- 
ropoiesis. Clinical implications are discussed 
with a view to improved management of certain 
hematologic disorders. (Amer. Lec. Hematology) 
Publication date May 1960 


THE SURGICAL TREATMENT OF PORTAL 
HYPERTENSION, BLEEDING ESOPHAGEAL 
VARICES AND ASCITES by M. Judson 
Mackby, Kaiser Foundation Hospital, San Fran- 
cisco. A compendium of present knowledge of the 
surgical complications of cirrhosis. The reader is 
guided through a confused tangle of conflicting 
theories and practices. Illustrated with some sixty 
original drawings. (Amer. Lec. Surgery) Publica- 
tion date May 1960 


ENGLISH FOR THE FOREIGN PHYSICIAN 
by José Murilo Martins, Univ. of Ceard, Brazil. 

ood advice from one who learned by doing it: 
that is what José Martins offers to young physicians 
from other lands who come to train in the United 
States. Solid help in breaking down the language 
barrier, in learning the terminology of the various 
medical departments of the American hospital. 
Pub. April ’60, 136 pp., 27 il., $5.75 


ELECTRICAL IMPEDANCE PLETHYSMOG- 
RAPHY: The Electrical Resistive Measure of 
the Blood Pulse Volume, Peripheral and Central 
Blood Flow by Jan Nyboer, Wayne State Univ. 
Medical School, Detroit. A great deal of material 
relating to electrical properties of the tissues, a 
number of electrical methods that have been em- 
ployed to study vascular phenomena, and the use 
of the impedance plethysmograph in the study of 
specific vascular phenomena. Pub. July ’59, 264 
pp., 104 il. (Amer. Lec. Med. Physics), $7.50 


EMBOLIC DISPERSOIDS IN HEALTH AND 
DISEASE by Gus Schreiber, Baylor Univ. Med. 
Center, Dallas. With profuse substantiating exhibits 
the many different types of embolic sized particles 
are classified. ‘Their source, course in the body, 
and routes of elimination are demonstrated. The 
theoretical relationship of these various embolic 
particles to vascular diseases, malignancy, aging, 
etc. is briefly discussed. (Amer. Lec. Living Chem- 
istry) Publication date May 1960 


PHOTOGRAPHY IN MEDICINE by Arthur 
Smialowski and Donald J. Currie, both of St. 
Michael’s Hospital, Toronto. Designed to present 
by description, drawings, and examples the many 
techniques in photography as applied to all branches 
of medical practice and investigation. Full-page 
illustrations face large line drawings which explain 
the technique used. Emphasis is on color pho- 
tography. Pub. Jan. ’60, 340 pp., 405 il. (32 color 
plates), $14.50 
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Effective 
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Unusually Safe 


Does not interfere with autonomic function 
Does not impair mental efficiency, 
motor control, or normal behavior 

Has not produced hypotension, 
agranulocytosis or jaundice 


Miltown: 


meprobamate (Wallac 


Supplied: 400 mg. scored tablets, 200 mg. sugar-coated tablets. 
Wy WALLACE LABORATORIES / New Brunswick, N. J. 
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introducing 


(Warfarin Sodium, Abbott) 


for the prevention and treatment of 
intravascular thrombosis and embolism 


The physician’s great advantage with PANWARFIN is this: 
he can establish stable oral dosage with relative simplicity. 

PANWARFIN Is predictable in its effect. The 
physician will note but little day-to-day fluctuation 
in his patients’ prothrombin times. He isn’t beset by 
the usual need for frequently readjusting dosage. 
Guided by simple lab determinations, he gains early 
control of coagulability, and maintains the dosage 
with a minimum of tinkering. 

The initial dose provides therapeutic prothrombin 
levels within about 18 hours. Or, if immediate effect is 
desired, PANHEPRIN™ (Heparin Sodium, Abbott) 
may be given intravenously at the same time; after 
24 hours, hypoprothrombinemia is then maintained 
by regular oral doses of PANWARFIN alone. 

Consider PANWARFIN for your future anticoagulant 
regimens, doctor. Our literature gives full details. 
Ask your Abbott representative for it, or write. 


SUPPLIED in 5-mg. white grooved tablets, List No. 6973, bottles of 100 and 
1000; 10-mg. yellow grooved tablets, List No. 6988, bottles of 100 and 1000; 
and 25-mg. orange grooved tablets, List No. 6994, bottles of 25, 100, and 1000. 


ABBOTT LABORATORIES NORTH CHICAGO, ILL. 
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SAFER, 


MORE EFFICIENT 


BETTER TOLERATED 


QUINIDINE b.1.d. dosage 
THERAPY'*-3 
IN CARDIAC 


ARRHYTHMIAS 


Safer and more efficient because there is no let-down in plasma levels where arrhyth- 
mias tend to recur. Better tolerated because quinidine gluconate is ten times as 
soluble as quinidine sulfate—and so is easier on the g.i. tract. Quinaglute Dura-Tab 
S.M. every 12 hours maintains uniform, effective plasma levels around the clock. 


QUINAGLUTE 


DURA-TAB S.M. 


exclusive oral Sustained Medication* 
Quinidine Gluconate (5 gr.) 


in A quinidine of choice in atrial fibrillation, flutter, 
ae premature contractions, auricular tachycardia. 
DOSAGE: for conversion of auricular fibrillation to 


normal sinus rhythm, in most cases, 2 Quinaglute Dura- 
Tab S.M. tablets 3 to 4 times a day, for 2 to 3 days; 
longer periods are required in some patients... for 
maintenance 1 to 2 tablets every 10 to 12 hours. Bottles 
of 30, 100 and 250. 

1, Bellet, S.; Finkelstein, D., and Gilmore H.: 
A.M.A. Archives Int. Med. 100:750, 1957. 

2. Bellet, S.: Amer. Heart J. 56:479, 1958, 

3. Finkelstein, D.: Penn, Med. J. 61:1216, 1958. 
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for samples and literature write . . . 

WYNN Conroraric 
CORPORATION 

5119 West Stiles Street, Philadelphia 31, Pa. 


also available: 
INJECTABLE QUINAGLUTE 10 cc. Multiple Dose 
Vials, 0.08 Gm. Quinidine Gluconate per cc. 


*U. S. Patent 2895881 
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When DANILONE was administered to 33 
postmyocardial infarct patients, only 
two thromboembolic episodes occurred 
in two patients in 565 patient-months. 
Five such episodes in 50 patient-months 
occurred in four patients who had 
stopped taking anticoagulants.® 

“twice as fast in reaching therapeutic 
levels’* In 117 patients, the average time 
DANILONE required to attain therapeutic 
levels was less than 36 hours.* With 
bishydroxycoumarin, two to four days 
are required for equal effect.5 


“a greater degree of control’® DANILONE 
held prothrombin activity in 200 patients 
to between 5 and 10-per cent of normal 
“with greater facility” than in another 
series where bishydroxycoumarin was 
used.* Generally, most satisfactory con- 
trol can be obtained by dividing the dos- 
age schedule into two12-hour intervals.** 


“a reputation for safety”? DANILONE, un- 
like the coumarin derivatives, has a short 
recovery period and no cumulative 
action.®*.9 As a result, DANILONE “...can 
be administered with reasonable safety 
in the presence of many conditions 
which would contraindicate the use of 
Dicoumarol.’’6 

“a lack of toxic reactions’”* Because of its 
extremely low incidence of toxicity,?-+® 
and “...the apparent safety factor of a 
wide spread between therapeutic and 
toxic dose, it is felt that phenyldanedione 
[phenindione] is the anticoagulant drug 
of choice.’’2 


(Phenindione, Schieffelin) @ 


“the anticoagulant drug of choice”? 


— 
prognosis. 

significant rediistion” 
in subsequent 


“inexpensive’® DANILONE is the least ex- 
pensive anticoagulant available today. 
Maintenance cost is as little as three cents 
a day. In addition, its stability of effect 
permits fewer prothrombin-time tests,® 
saving the patient additional costs. 


Samples and literature available on request. 


SUPPLIED: 50 mg. scored tablets. Bottles of 
100 and 1,000. 


References: 1. Pickering, G., et al.: Brit. M. J. 1:803 (Mar. 28) 
1959. 2. McCabe, E, S., and Fittipoldi, J., Jr.: Am. Pract. & 
Digest Treat. 4:765, 1953. 3. Drinan, F. W., et al.: Am. Heart J. 
53:284, 1957. 4, Harper, B. F., and Johnson, R.: J.M.A, Georgia 
45:149, 1956. 5. Wood, J. E.; Beckwith, J. R., and Camp, J. L., 
Ill: J.A.M.A. 159:635 (Oct. 15) 1955. 6. Sise, H. S.; Maloney, 
W.C., and Guttas, C. G.: Am. Heart J. 53:132, 1957. 7. Newcomb, 
T. F.: New England J. Med. 260:545 (Mar. 12) 1959. 8. O’Connor, 
W. R.; Thompson, C. E., and Baker, L. A.: Quart. Bull. Northwest- 
ern Univ. M. School 26:193 (Fall) 1952. 9, Toohey, M.: Brit. M. J. 
1:650 (Mar, 21) 1953. 


Schieffelin 794 Pharmaceutical Laboratories Division, New York 3 
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integral 
part of modern practice 


Has the diagnostic equipment in your office kept 
pace with your own knowledge of new drugs, medicines and 
therapeutic technics? If not—call in your Burdick man! 


He’ll bring you up to date on the latest advances 

in electromedical instrumentation—as for example, the Burdick 
dual-speed electrocardiograph. Determine your net cost of 
new equipment, taking into consideration the income tax 
savings from annual depreciation allowances. This can make 
the purchase of new professional equipment far more 
attractive financially than you may have realized! 


Milton, Wisconsin 


Branch Offices: 
New York « Chicago « Atlanta « Los Angeles 
Dealers in all principal cities 
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SINGOSERP® (syrosingopine CIBA) 
SERPASIL® (reserpine CIBA) 


APRESOLINE® hydrochloride 
MMIT, NEW JERSEY (hydralazine hydrochloride CIBA) 


important reasons why 
physicians choose Esidrix 
for congestive heart failure, 
toxemia & edema of 
pregnancy, premenstrual 
edema, steroid-induced 
edema, edema of obesity 


1. Esidrix is one of the most effective oral 
diuretics known...10 to 15 times more 
active than chlorothiazide. 


2. Esidrix markedly increases sodium and 
chloride excretion, usually with mini- 
mal effect on excretion of potasstum and 
bicarbonate. 


3. Certain patients unresponsive to mer- 
curials and chlorothiazide respond read- 
ily to Esidrix. 


4. Esidrix alone can be used to reduce 
blood pressure. It also potentiates the 
action of such other antihypertensive 
agents as Singoserp, Serpasil, Apresoline, 
and ganglionic blockers. 


5. Patients transferring from chlorothia- 

zide to Esidrix frequently experience ad- 

ditional loss of retained body fluid 
and/or lower blood pressure levels. 


6. In most cases, Esidrix permits modera- 
tion in severe sodium restriction, makes 
meals more palatable. 

E d 

(hydrochlorothiazide CIBA) 


An improved analog of chlorothia- 
zide, a product of CIBA research 


supPLiED: Esidrix Tablets, 25 mg. (pink, scored) and 50 
mg. (yellow, scored). 


Complete information available on request. 
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when rapid anti- 
coagulant effect with 
rapid reversibility 

is required 


Tromexan- 


brand of ethyl biscoumacetate 


when medium rate 
of action with more 
sustained effect 

is desired 


Sintrom 


brand of acenocoumarol 


With Tromexan, a therapeutic 
hypoprothrombinemia is achieved 
in 18 to 24 hours. In case of 
accidental overdosage, simple 
omission of the next scheduled dose 
assures rapid return of prothrombin 
time to safe limits. 


With Sintrom, therapeutic 
hypoprothrombinemia occurs in 36 
to 48 hours and is generally readily 
and evenly sustained with a 
consistent single daily dose. 


Tromexan®, brand of ethyl biscoumacetate: 
Scored tablets of 150 mg. and 300 mg. 
Sintrom®, brand of acenocoumarol: 
Double-scored tablets of 4 mg. 


Geigy, Ardsley, New York Geiny SI-TR 3-60 | 
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Nitroglycerin is the drug of 
choice for the ACUTE ATTACK 


RDILATE’ 


may well be chosen for 
PROLONGED PROPHYLAXIS 


. the magnitude of the response to 15 mg. [‘Cardilate’] was 
comparable to that following nitroglycerin....The comparatively 
prolonged duration of action of erythrol tetranitrate when given 
sublingually makes it especially valuable for clinical use.” 


“Nitroglycerin and erythrol tetranitrate when administered sub- 
lingually are among the most potent of all prophylactic agents 
available for the treatment of patients with angina pectoris.” 


“Erythrol tetranitrate exhibits an inherent long-acting vasodilat- 
ing effect. Therefore it is the drug of choice in angina pectoris.” 


‘CAR Di LATE’ 1. Riseman, J.E.F., et al.: Cir- 
brand culation 17:22 (Jan.) 1958. 
Erythrol Tetranitrate Sublingual Tablets 


2. Russek, H.I.: Circulation 


5 meg. 
g-, scored ly 18:774 (Oct.) 1958. 


15 mg., scored | 


Bottles of 100 ‘dhe 3. Hirshleifer, I., et al.: Scien- 
tific Exhibit, A.M.A., Atlantic 


Complete literature available on request. City, N. J., June, 1959. 


BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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pertension: 
presoline-Esid 


Esidrix potentiates the action of Apresoline, producing good 
blood pressure response with low dosage, minimal side effects. 
Added benefits: Improves renal blood flow; relaxes cerebral 
vascular tone; provides diuresis in decompensated cases. Each 


combination tablet contains 25 mg. Apresoline and 15 mg. Esidrix. 
APRESOLINE® (hydralazine hydrochloride and hydrochlorothiazide c1BA) 


Complete information available on request 
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Raudixin-the cornerstone of antihypertensive therapy- 
helps relieve the pressures in your patients-helps 
relieve the pressures on your patients / 50 and 100 mg. tabiets 
whole root rauwolfia for exceptional patient response 


SBA Squibb Quality—the Priceless Ingredient 


Squibb Whole Root R: 
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Coumadin is the 


original and only 
wartarin sodium 


responsible for 
establishing this 
drug as “the best 
anticoagulant 


available today* 


(over 50 published 
papers since 1953) 


FOR ORAL, INTRAVENOUS SODIUM 


OR INTRAMUSCULAR USE 


IN MYOCARDIAL INFARCTION AND 
OTHER THROMBOEMBOLIC DISORDERS 


me ©6SUPPLIED: Oral —scored tablets, 2 mg., 5 mg., 
COUMADIN’ me 67/2 mg.,10 mg., 25 mg. Parenteral —single injection 
sopium ame units, consisting of one vial, 75 mg., and one 3-cc. 
ompul Water for Injection. 
© COUMADIN (warfarin) Sodium is manufactured under 
E license from the Wisconsin Alumni Research Foundation... 
} clinically established by Endo. 


’ Complete Information and Reprints on Request 
ENDO LABORATORIES 
Richmond Hill 18, New York 


nts the nt oF 
fennessee M. A. 52:171, May, 1959. 2. Shapiro, S.: 
Neure M 959. 4. Too Clinical experic 
“(Coumadin Sodium"), Virginio M. Month, 85:465, Sept., 1958. 6 ek 
aer ‘SK itz, C., and on, Vi: preliminary 
1957. 14. Kerrin, H. F:; Guidot, J., ond Wilhelm 
etal administration of warfarin (Coumadin) sodium. 
in sodium (C um), J. Kansos M. ahs 
off, D. V.;'Triggs, P. O., om ©. O.: Clinical 
iticoagulants _and warfarin sodium, A.M.A. 
evil, E., ond Wright, |. 5.. Dicumoroi, Coumadin, Morcumsr 
Comp scion en the registered by 
jon, 20.405, Sept., 1959. 25. Hillier, W. Jr. 
“Mosby, St. Louis, 1958, pp, 211-212. 30, 
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“First in the hearts’” 
of cardiac patients 


A.C.M.I. was the first to introduce nylon woven 
catheters in the United States — originally for 
ureteral use — later for cardiac catheterization. 


A.C.M.I.’s nylon woven cardiac catheters are 
preferred for smoothness combined with flexibility. 
Lengths: 30 cm. to 150 cm. Thin-walled, radiopaque. 


A.C.M.I.’s polyethylene cardiac catheters provide 
a smoother and larger lumen for collection of 
blood samples and the rapid injection of contrast 
media. Other types too are under development. 


A triumph of technical skill — all A.C.M.L cardiac 
catheters have earned the confidence of the medical 
profession through their consistently superior quality. 


Nylon woven 
cardiac catheters 


FREDERICK J. WALLACE, President 


American (ystoscope Makers, Inc. 


8 PELHAM PARKWAY, PELHAM MANOR, N. Y. 
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Your angina patient hardly’ knows where one leaves off and the 
other begins. What he does recognize is the relief he gets from 
both when you prescribe CARTRAX. 


FOR ANGINAL PAIN FOR CARDIAC PANIC 
PETN (pentaerythritol tetranitrate) is “| favor ATARAX [as the tranquilizer for the anxious car- 
“... the most effective drug currently diac]... because there is an absence of side effects 
available for prolonged prophylactic treat- with this drug, and also because in cardiacs who are 
ment of angina pectoris.’’! ——— ectopic beats, ATARAX has a quinidine-like 
action.” 


TOGETHER ONLY IN 


CARTRA 


Dosage: Begin with 1 to 2 yellow cartrax “10” tablets (10 mg. PeTN plus 
10 mg. ATARAX) 3 to 4 times daily. When indicated, this may be increased by 
switching to pink carTRAXx ‘‘20"’ tablets (20 mg. PETN plus 10 mg. ATARAX). 
For convenience, write ‘‘CcARTRAX 10"’ or “‘CARTRAX 20.” Supplied: In bottles 
of 100. Prescription only. 

References: 1. Russek, H. |.: Postgrad. Med. 19:562 (June) 1956. 2. Russek, H. L.: 
Presented at the Symposium on the Management of Cardiovascular Problems 
of the Aged, Dade County Medical Association, Miami Beach, April 12, 1958. 
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new 


for angina pectoris: 


Often Succeeds in Difficult Cases 


Among 48 patients‘ previously treated with 
other coronary vasodilators, ISORDIL was 
demonstrably superior in 37, equivalent in 
9, inferior in 2. 


Markedly Reduces Attacks 

Albert’ found that 92 per cent of patients re- 
sponded favorably to ISORDIL. During this 
study, anginal attacks were reduced from 
an average of 5 a day to just 1.2 a day. 


Benefits Confirmed by EKG’s 


Electrocardiographic studies by Russek? 
clearly show that ISORDIL produces a more 
favorable balance between oxygen supply 
and demand following the Master two-step 
test. 


“The most effective medication for the 
treatment of coronary insufficiency 


available today.”’ 
—Sherber* 
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prompt, prolonged coronary vasodilatation 


a ISORDIL acts rapidly compared with other prophyiactic 

ra id onset agents—patients usually experience benefits within 15 
to 30 minutes. Virtually eliminates unprotected periods. 

The beneficial effects of a single dose persist for at least 


rolon ed actio 4 hours—therefore for most patients q.i.d. dosage is 
highly satisfactory. 


a Response of patients treated in various clinical studies! 
cent unsatisfactory. 


The only side effect reported has been transitory, easily 


U n U SU A i safet controlled headache, normally considered an expression 
of effective pharmacodynamic activity.? 


References: 

1. Summary of Case Reports on File, lves-Cameron Company (1958-1959). 2. Risenan, J.E.F., et al.: Circu- 
lation 17:22 (Jan.) 1958. 3. Russek, H.I.: Personal Communication (Oct., 1959). 4. Case Reports on File, Ives- 
Cameron Company (1958-1959). 5. Albert, A.: Personal Communication (Oct., 1959). 6. Sherber, D.A.: Personal 
Communication (Oct., 1959). 


“ISORDIL is a new and effective agent for 
therapy of angina pectoris."’ 
—Russek*® 


* 
ID 
Isosorbide Dinitrate, lves-Cameron 
IVES-CAMERON COMPANY « New York 16, New York 


Literature and Professional Samples Available on Request 


*Trademark 
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EMERGENCY 
MEDICAL SERVICE 


GOOD SERVICE 
lasts long after the sale 


When you buy an electrocardiograph*, 
the manufacturer has two obligations to you: 


.to provide the best possible instrument 
for your needs 

.and continuing service for as long as you 
own the instrument. 


As a Sanborn owner, you receive this continuing service in many forms, 

through nearby Branch Offices, Service Agencies and Resident Repre- 

s sentatives in 46 cities: ‘‘“emergency”’ calls when required, and prompt 

~~ response to routine requests for supplies and accessories .. . ECG Study 

: Courses (by correspondence); the bi-monthly Sanborn Technical Bulletin; 

comprehensive instrument Instruction Manuals... and a Question and 
Answer Service for any problems in the use of Sanborn instruments. 

When a good product is backed by equally good service, only then do 

you get your money’s worth,as a great many of the more than 30,000 

Sanborn owners will agree. 


*From Sanborn, you now have a choice of the 2-speed Model 100 Viso-Cardiette . . . its 
mobile counterpart the Model 100M “Mobile Viso” ... or the compact, fully portable 
18-pound Model 300 Visette. 


SAN BORN COMPANY 
Medical Division, 175 Wyman St., Waltham 54, Mass. 
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relief comes fast and ‘comfortably 


—does not produce autonomic side reactions. 
—does not impair mental efficiency, motor 
control, or normal behavior. 


Usual Dosage: One or two 400 mg. tablets t.i.d. 


Supplied: 400 mg. scored tablets, 200 mg. sugar- 
coated tablets or as MEPROTABS* —400 mg. 
unmarked, coated tablets. 


meprobamate (Wallace) 
® 
Wy) WALLACE LABORATORIES / New Brunswick, N. J. 


CM-8284 
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blocks absorption 
of cholesterol 


lowers 
elevated serum cholesterol 
without 

severe dietary restrictions 


Cytellin is the only product that prevents 
cholesterol in the intestine from entering the 
circulation. It reduces absorption of both di- 
etary and endogenous cholesterol by uniting 
with it and rendering it incapable of being 
absorbed from the G.-I. tract. Thus, choles- 
terol is “‘tied up” and ultimately eliminated. 

In at least 85 percent of cases, Cytellin 
taken just before each meal will permit pa- 
tients to eat a satisfying, normal diet. There 
are no contraindications, toxic manifesta- 
tions, or side-effects to Cytellin. 


Cytellin® (sitosterols, Lilly) 


Lilly 


QUALITY / RESEARCH / INTEGRITY 


LILLY AND COMPANY 
INDIANAPOLIS 6, INDIANA, U.S.A. 
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The American Journal of Cardiology 


VOLUME V 


APRIL 1960 


NuMBER 4 


EDITORIAL 


Development of the Electrocardiographic 
Exercise Test 


Standardized Versus Non-Standardized Test* 


HE first electrocardiogram after exercise was 
by Einthoven who, in 1908, had his 
old laboratory porter climb a flight of stairs 
in order to study the modifications provoked 
by physical exertion.’ Einthoven noticed several 
physiologic changes in the electrocardiogram, 
such as the disappearance of a negative T wave 
in lead III. In 1909 the increase in the height 
of the T wave after exercise was described.'® 
Later a series of observations were made on 
trained and untrained subjects, after slight work 
and severe exertion; and on men engaged in 
heavy physical work, after Marathon runs, 
after ski races or long distance runs. 

Examination of the electrocardiogram after 
exercise in a patient with angina pectoris 
was reported in 1909.'8 Sometimes the electro- 
cardiogram after exercise was obtained for- 
tuituously since the laboratory in which the 
electrocardiogram was taken could only be 
reached after climbing a flight of stairs. Physi- 
cal exercise was used for the first time in order 
to provoke attacks of angina pectoris by Wood, 
Wolferth and Livezey”® and significant findings 
were registered. ‘These authors did not, how- 
ever, recommend the taking of an electrocardio- 
gram after exercise as a diagnostic procedure 
because “of the dangers involved;” their advice 
was to rely on clinical observations. Because 
there are no diagnostic signs for coronary 


sclerosis or angina pectoris and the diagnosis of 
this condition is based entirely on the patient’s 
history, which is often atypical, we recommended 
in 1932 that the electrocardiogram be obtained 
after exercise in order to diagnose coronary 
stenosis early and objectively.®”! 

A great deal has been written on this subject 
since then. The test was rejected as useless by 
some and warmly recommended by others. 
There is still confusion over many aspects of 
the test, and a few of the major issues will be 
discussed here. 


SPECIFICITY OF TEST 


The first question which arises is whether 
the test is specific. This must be denied. 
Most changes appear even in healthy subjects 
under certain exaggerated conditions, or in 
patients without coronary stenosis. After ex- 
hausting exercise, particularly in insufficiently 
trained subjects, changes were observed in the 
electrocardiogram which we consider patho- 
logical. Thus, such changes were noted in 
some participants of the Marathon run at the 
Olympic games who reached the end of the 
run pulseless or cyanotic, and in skiers after 
races over difficult terrain. However, these 
were exceptions and the electrocardiograms of 
the majority of the athletes examined at the 
end of the race showed no pathological changes. 


* Presented at the Seminar on the Electrocardiographic Exercise Test on September 19, 1959, in Burlington, 


Vermont. 
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Following the type of exercise patients are 
asked to perform for the diagnosis of coronary 
stenosis, such changes do not appear. 

In 1933 we examined the electrocardiograms 
of 100 persons with normal hearts and fifty-six 
patients who had varying cardiac abnormalities 
without evidence of coronary disease and found 
only physiologic alterations.2" However, in pa- 
tients who recently had recovered from an 
infectious disease significant changes in the 
electrocardiogram were reported after exer- 
cise.!12_ Inversion of the T waves was also seen in 
apparently healthy subjects when the exercise 
test was performed after a meal. A certain 
position of the vector loop favors such an 
occurrence.‘ 

The statement seems justified that, provided 
the test is correctly performed and the subject 
is not recovering from an infectious disease, 
a certain change may be suggestive of coronary 
stenosis. 


STANDARDIZED VERSUS NON-STANDARDIZED TEST 


We recommended originally, and still recom- 
mend today, that the patient be asked to perform 
only the amount of work which he performs 
daily and which occasionally or regularly leads 
to pain. The amount of work is adapted to the 
condition of the patient and to the facts elicited 
by his history. Exercise is never permitted 
before performing a careful examination and 
taking an electrocardiogram with the patient 
at rest. In a patient who relates that walking 
a little faster on level ground or the slightest 
emotion leads to anginal pain, it will often 
suffice to take the electrocardiogram after the 
patient sits up and lies down several times or 
after a few knee bends. In another patient, 
who experiences pain only when he walks fast 
uphill, it will be found that heavier exercise, 
such as climbing one or more flights of stairs, is 
necessary to elicit characteristic changes. Un- 
der no condition should heavier exercise be 
ordered prior to examining the electrocardio- 
gram taken after the milder form of exercise. 
In our original publications we also found that 
the results of a test performed after a meal were 
abnormal while before the meal only physiologic 
alterations were found after exercise.” It 
is not permissible to ask the patient to exert 
himself until pain develops, which has often 
been done, as untoward accidents may occur. 
Pain as a complaint preventing overexertion is 
not a reliable symptom in coronary disease. 
If the test is negative, that is, if no characteristic 


changes appear in the electrocardiogram, the 
work should be increased cautiously, but not 
forced, until changes are seen. This is not an 
exercise tolerance test as often stated. 

Ten years after our first paper, Master and 
his associates recommended a modification of the 
exercise test.!© The electrocardiogram is not 
obtained after work graded according to the 
condition of the patient; it is standardized 
according to sex, weight and age. No reasons 
were given to show that sex or weight, or even 
age, modify the results. The explanation given 
for the necessity of standardization was that it 
is essential to use standardized work as even 
healthy persons, if they work to excess, may have 
abnormal electrocardiograms. It has already 
been pointed out that this is true only when the 
work is actually excessive or if the criteria used 
for evaluation of the electrocardiogram are too 
liberal. However, this is not true for the 
test as originally introduced by us. 

Some years prior to his use of the electro- 
cardiogram for the examination of coronary 
insufficiency, Master described an _ exercise 
tolerance test in which the return of blood 
pressure and pulse rate after a certain amount 
of work graded according to sex, weight and 
age was determined; the criterion for the con- 
struction of the tables indicating the amount of 
work recommended for individual persons was 
the return of blood pressure and pulse rate to 
normal within two minutes. No proof has 
ever been given that the same procedure de- 
veloped for blood pressure and pulse rate is 
valid for the electrocardiogram.”* 

It is particularly strange to grade the amount 
of work according to the sex of the patient since 
there is no evidence that coronary disease, 
once present, runs a different course in females 
or reaches different degrees in this sex. With 
regard to the weight, of importance is whether 
the weight is caused by an accumulation of 
fat rather than well developed skeletal 
muscles.!!4 According to the tables recom- 
mended by Master for the test, a fifty year old 
man weighing 160 pounds should make twenty- 
two ascents while a fifty year old woman of the 
same weight is supposed to make only sixteen 
ascents. ‘This, despite the fact that the coronary 
disease in either one may be of such nature that 
even four ascents may cause marked electro- 
cardiographic changes and anginal pain. The 
standardized test as used today implies that 
heavier patients show greater deviations after a 
given exercise. This has not been proved. 
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Older patients may show greater deviations in 
the RS-T segment after exercise but the dif- 
ferences are slight and the depression of the 
RS-T segment at any age does not surpass the 
limits which we consider normal and which are 
mentioned subsequently.“ Coronary sclerosis 
is more common with advancing age but it 
may be more pronounced in a fifty year old 
person than in a ninety year old person. 

All pretense to use a standard type of test 
lost its basis when, without changing the criteria 
for the evaluation of the results, the ‘“‘double 
two-step test’? was recommended.™ It is our 
considered opinion that by using standardized 
tables (worked out for a different purpose), we 
are only indulging in what has been called the 
“‘pseudoscience of figures.” We deal with 
patients showing an infinite variety of conditions; 
we should not try to treat them all alike accord- 
ing to prepared standards. 

The form of the RS-T segment and T wave 
after exercise is markedly influenced by the 
heart rate. The fact that one patient is accus- 
tomed to climbing stairs since he does it often, 
while another is not, will be of greater influence 
than sex. The experience that one patient is 
emotionally undisturbed by the test while the 
other awaits its outcome anxiously and secretes 
greater quantities of epinephrine and other 
catecholamines influencing the depression of the 
RS-T segment is certainly more important for 
the outcome of the test than the sex of the 
patient. 

For these reasons we think that evaluation of 
the patient’s condition after examining him care- 
fully and obtaining his history is more important 
in determining the amount of work load than 
the prepared tables. This is more true when 
one considers that only the appearance, not the 
degree, of certain changes in the electrocardio- 
gram after exercise is of importance. These 
changes may appear after slight exercise in 
one person and after heavier work in another. 
Since we do not grade the changes after exercise, 
and since we are unable to state that the patient 
with the more marked change is sicker or will 
die sooner than the patient with lesser changes, 
why standardization? ‘The question is: are the 
changes which develop in the patient after the 
usual exercise, such as knee bending, climbing 
stairs or raising dumbbells, beyond a certain 
limit seen in healthy subjects? 

Therefore the accusation™* that we believe 
it is “immaterial how much a patient works” 
is to a certain extent correct. The amount of 
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work may be small in one patient, and large in 
another. The amount of work per se necessary 
to elicit changes is not helpful in the evaluation. 
The purpose of the test is to increase the demands 
of the heart muscle, or of parts of it, for blood to . 
such a degree that, in the presence of coronary 
disease, certain abnormal changes wil! appear in 
the electrocardiogram. Whether the patient 
climbs stairs for this purpose, or bends the knees 
and—within limits—how often and how fast 
he does this, is not important. 


STANDARDS FOR THE DIAGNOSIS OF A POSITIVE TEST 


A test is negative only when physiologic 
changes are observed. It is positive when 
changes beyond the limits of normal appear. 
The decision as to what is abnormal is difficult to 
make; we rely on two electrocardiographic 
changes, namely, depression of the RS-T segment 
and inversion of the T wave; a lowering of the T 
wave is scen toooften in healthy subjects to be sig- 
nificant and even inversion of the T wave may 
appear in healthy subjects. The appearance of 
intraventricular block or of an inversion of the 
U wave after exercise* is rare. Since the de- 
pression will be in relation to the exercise, 
standardization would appear justified in the 
evaluation of physiologic changes if other 
factors, particularly the status of the autonomic 
nervous system, were not of equal importance. 
For the evaluation of patients it was unsatis- 
factory, as the introduction of the double two- 
step test shows. 

When the test is performed to determine the 
presence of coronary sclerosis or syphilitic 
stenosis of the coronary ostia, it is desirable to 
rule out false negative tests. ‘This is a goal which 
apparently cannot be accomplished. In one 
patient the electrocardiogram taken after climb- 
ing four flights of stairs exhibited only physio- 
logic changes while postmortem examination 
shortly afterward revealed complete occlusion 
of one coronary orifice by syphilitic aortitis. It 
is of greater importance to avoid false positive 
tests in order to eliminate the possibility of an 
incorrect diagnosis. Errors are committed too 
often because of insufficiently strict criteria. 
When the diagnosis of coronary insufficiency 
is based on the electrocardiographic exercise 
test it should be incontestible and beyond any 
doubt.” When strict criteria are used some 
electrocardiograms in which the changes are 
due to coronary disease will be assumed to 
show only normal features. In our opinion, 
however, this is the lesser evil. 
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Even if the downward slope of the P-Q seg- 
ment is considered in the measurement of the 
RS-T level, depressions of 1 mm. or more were 
seen in healthy subjects.”?> For this reason 
only depressions of the RS-T segment of over 
1.5 mm. in one of the standard leads and 2 mm. 
in one of the chest leads are regarded as definitely 
abnormal. If bending of the knees or climbing 
stairs causes depressions reaching this amount 
the finding is suspicious, if it surpasses it, it is def- 
initely abnormal. In our first communication 
twenty-seven years ago we pointed out that the 
P-Q segment becomes depressed after exercise. 
Therefore, the base line for measurement of the 
RS-T depression is not the diastolic zero line; 
the beginning of the QRS complex is used as ref- 
erence level. Despite its reported occurrence in 
healthy subjects we consider a depression of the 
junction J below 2 mm., followed by a sagging 
or horizontal RS-T, as abnormal. 


INCIDENCE OF POSITIVE TESTS 


In one of our studies** we found a positive 
test in 80 per cent of forty patients with 
angina on effort. It is obvious that the per- 
centage of positive tests will vary according to 
the exercise performed; it will also vary with 
the criteria employed. Thus in 95 per cent 
of the patients studied the test was positive 
when the patient worked until he had anginal 
pain.’* In another study,?’ also carried out 
until pain appeared, positive tests were obtained 
in 88 per cent. Kienle'® obtained positive tests 
in 70 per cent of his patients while others 
observed positive tests in as little as 10 per cent 
of their patients. If one uses less strict criteria, 
such as those recommended by Master, namely, 
a depression of the RS-T segment of only 0.5 
mm. in any lead, one may obtain abnormal 
responses in normal subjects’ or one may find 
that psychoneurotic subjects may show the 
same abnormal changes as patients with angina 
pectoris." 

Displacement of the RS-T segment in the 
direction of the QRS complex (high take-off 
pattern) is occasionally seen for a few minutes 
following exercise in patients who did not have 
signs of myocardial infarction before or after 
the test. It is of interest that in most of these 
cases the pattern of an acute inferior myocardial 
infarction is imitated. On the basis of our 
present knowledge, we may assume that such 
patterns are observed when the abnormal blood 
supply involves a superficial area of the myo- 
cardium and when the blood supply amounts to 


less than one-third of the required one. We 
observed this pattern of an acute inferior in- 
farction immediately after exercise in one 
patient in whom postmortem examination 
showed an abnormally small right coronary 
artery.”° 

If the exercise test is performed in patients 
who recovered from an acute myocardial in- 
farction, the pattern of the acute lesion with 
elevation of the RS-T in the direction of the QRS 
may reappear for a few minutes after the test. 
In such cases we assume that there is narrowing 
of another artery supplying blood to an area 
adjacent to the infarcted one. 

As pointed out in our first communications 
patients in whom the electrocardiogram is 
abnormal after one or several infarctions, or 
because of other reasons, may show normaliza- 
tion of the electrocardiogram after exercise 
provided there is no coronary stenosis; an 
inverted T wave may become positive. 

It is well known that the pattern which 
appears temporarily after exercise persists for 
a while if a coronary artery which was stenotic 
finally becomes occluded. Of great interest is 
the experience that in more than forty patients 
whom we personally studied and in whom 
attacks of angina pectoris developed at rest, the 
electrocardiographic changes observed during 
such attacks were identical with the ones seen 
after excercise. 


THE ELECTROCARDIOGRAPHIC EXERCISE TEST 
AND TESTING OF DRUGS 


In 1933 we demonstrated that the abnormal 
significant changes in patients with coronary 
stenosis may be prevented or lessened if the 
exercise is performed after the taking of 
nitroglycerin or after the intravenous administra- 
tion of theophylline, aminophylline or papaver- 
ine preparations..* How these compounds 
accomplish this still remains a riddle since we 
cannot assume that they increase the blood 
supply in the presence of stenosis of the coronary 
arteries. Only patients with well established and 
constant changes in the electrocardiogram after 
exercise can be used for such tests since it is not 
possible to prevent changes with these drugs in 
every patient. The changes of rate caused by 
the tested drug should always be borne in mind. 
The tachycardia and the fall of pressure caused 
by the administration of amyl nitrite are 
known to lead to a depression of the RS-T seg- 
ment which can amount to 4 mm. in the normal 
subject. 
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RELATION TO PAIN 

It has been stated before that the patient 
should not be asked to exert himself until pain 
develops. We may add that while those patients 
in whom pain develops after exercise show a 
positive test more often that those who do not, 
pain and positive exercise electrocardiograms 
are not closely connected. We repeatedly saw 
patients with marked postexertional changes 
in the electrocardiograms who had no pain at 
all... The changes in the electrocardiogram 
may appear long before the pain, or more 
often, pain disappears spontaneously or after 
the administration of nitroglycerine but the 
electrocardiogram remains abnormal for more 
than half an hour. The abnormal changes 
may appear immediately and be transient, or 
they may appear as late as five minutes after 
the exercise and persist for fifty minutes. In 
other patients the pain may precede the electro- 
cardiographic changes. 


EFFECT OF DIGITALIS 


Unsolved is the question of the influence of 
digitalis on the exercise electrocardiogram. In 
1933 we gave digitalis, four standard tablets of 
0.1 gm. daily, to fifteen patients with angina 
pectoris and a positive exercise test in order to 
find out whether or not digitalis had any in- 
fluence on the coronary blood flow. In 
fourteen of these fifteen patients the postex- 
ertional changes remained the same after the 
ingestion of digitalis; they were accentuated in 
only one.* A deterioration of the condition of 
the coronary disease in this patient could not 
be ruled out. Others could confirm this 
result.° In agreement with these findings no 
evidence has been found that strophanthin 
influences coronary blood flow.? However, 
some authors found that digitalis caused positive 
exercise tests in patients without coronary 
disease.!®:?8 Since digitalis, as well as coronary 
stenosis, causes depression of the RS-T segment 
because the chief changes involve the sub- 
endocardial myocardial layers of the myo- 
cardium under both influences, it is clear that 
in digitalized patients other criteria for the 
evaluation of the test will be necessary. 


POSTEXERTIONAL ARRHYTHMIAS 


In the first reports we mentioned the appear- 
ance of extrasystoles immediately following 
exercise.”’*! They concern mostly ventricular 
extrasystoles but also atrial ones; short runs of 
paroxysmal tachycardias are observed. The 
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extrasystoles are usually multiform. This fact 
alone and their appearance after exercise speak 
for the presence of coronary disease; rarely do 
postexertional unifocal extrasystoles or extra- 
systolic tachycardias occur in healthy subjects. 

Since a premature ventricular extrasystole 
appearing during the vulnerable phase may lead 
to ventricular fibrillation, the sudden death 
which has been occasionally reported during the 
performance of the test may thus be ex- 
plained. 


EXPLANATION OF THE CHANGES IN THE 
ELECTROCARDIOGRAM 


The independence of the abnormal electro- 
cardiogram from pain and its persistence for a 
long time after pain has subsided has been 
mentioned and shows justification of the 
assumption that while electrocardiographic 
changes are caused by an alteration of the 
myocardial cell, pain is caused by accumulation 
of metabolites elsewhere. 


ANGINAL PAIN IN AORTIC REGURGITATION 
AND MITRAL STENOSIS 


The attacks of anginal pain in patients with 
rheumatic aortic regurgitation or rheumatic 
mitral stenosis are well known. They have not 
been fully explained and although several 
theories are available none are convincing. 
Therefore, it is of interest that in such patients 
during spontaneous attacks, and after exercise, 
changes have been observed similar to those 
seen in patients with coronary sclerosis. In 
several of these patients postmortem examina- 
tion revealed normal coronary arteries.’ ”! 
Marked changes have been observed in the 
electrocardiogram of patients with rheumatic 
aortic regurgitation during a _ hypertensive 
crisis. 


PROGNOSIS 


Any conclusion as to prognosis, based on the 
outcome of the test, is unjustified. A patient 
with a normal exercise test (with or without the 
presence of coronary stenosis) may have a 
myocardial infarction shortly afterwards; the 
reason is obvious. On the other hand, patients 
with a strongly positive test may gradually 
improve and the test may become negative, 


‘presumably because of the development of a 


collateral circulation. The test serves to make 
the diagnosis of coronary insufficiency or coro- 
nary stenosis but no conclusion as to the out- 
look is permitted from it. It does not enable us 
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to diagnose coronary sclerosis without stenosis of 
an artery. 


SIGNIFICANCE OF TEST 


Every clinician will agree that in most 
patients the diagnosis of angina pectoris is 
possible from a good history. In these patients 
no exercise test is necessary. However, the 
test is of value in patients in whom the pain is 
atypical or in whom it is necessary to confirm 
the diagnosis, e.g., for insurance purposes. 
Pain with the typical radiations and locations 
of coronary sclerosis may appear in hiatus 
hernia and in some patients with spondylitis 
during walking; here a positive test result may 
help in the diagnosis, a negative test result will 
never rule it out. Only rarely will one en- 
counter a patient who never had anginal pain 
on exertion in whom the exercise test is positive. 


Davin SCHERF, M.D., F.A.C.C. 
Department of Medicine 
New York Medical College 
New York, New York 
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Clinical Studies 


The Evolution of the Vectorcardiogram 


and Electrocardiogram of the Normal Infant 
I. The Normal Newborn* 


Epwin L. RoTHFELD, M.D., FRED W. WACHTEL, M.D., WILLIAM S. KARLEN, M.D. 
and ARTHUR BERNSTEIN, M.D., F.A.C.C. 


Newark, New Jersey 


URRENT advances in corrective surgery for 
& congenital heart disease have made re- 
evaluation of diagnostic procedures employed 
in these disorders advisable. Pediatric vector- 
cardiography and electrocardiography have 
been of concern particularly as regards the 
establishment of normal criteria. Several ex- 
cellent reports have dealt with this subject, 
but the available information is not uniform. 
Some of the difficulties stem from the fact that 
profound anatomic and hemodynamic altera- 
tions take place in the cardiovascular system 
of the infant as he progresses toward maturity. 
These changes, which are reflected in the vector- 
cardiogram and electrocardiogram of the infant, 
form the basis for this study. 

We have obtained vectorcardiograms and 
electrocardiograms from normal newborns and 
each infant has had these studies repeated at 
monthly intervals. This report will deal only 
with the results obtained in the newborn state. 


MATERIAL AND METHODS 


Fifty newborn infants were selected at random 
from the nursery at Newark Beth Israel Hospital. 
There were twenty-two male and twenty-eight female 
infants included in the study. Age distribution 
(Table I) at the time of initial examination ranged 
from a minimum of one hour to a maximum of 124 
hours with twenty-three subjects less than twenty- 
four hours old. Careful physical examination at 
birth and at monthly intervals to six months of age 
thus far revealed no abnormalities in any of the in- 
fants. Roentgenograms of the chest in a few pa- 


tients were entirely normal. No sedation was em- 
ployed during any of the procedures. 

Vectorcardiograms were obtained with a Sanborn 
vectorcardiograph employing the cube reference 
system.! A Dumont Polaroid camera was used to 
photograph the oscilloscopic patterns. Respiratory 
variations were common, and an attempt was made 
to photograph only the most representative loops in 
each case. The angles of the mean QRS and T vec- 
tors were measured with a protractor in each plane 
of the vectorcardiogram and referred to the Bayley 
triaxial reference system of coordinates. The angle 
between the mean QRS and T vectors was measured 
and designated the ‘““mean QRS-T angle.” The dis- 
placement of the QRS sf loop in a particular direc- 
tion was measured in millimeters from the E point 
to the most distant point in the loop in that direction. 

Electrocardiograms, including standard and uni- 
polar extremity leads and precordial leads V3R, Vi, 
V2, V4 and V¢, were recorded with a Sanborn elec- 
trocardiograph. 


TABLE I 


Age Distribution of Fifty Newborn Infants at 
Initial Examination 


Age 

(hr. ) No. 
Less than 12 12 
12 to 24 11 
25 to 48 15 
49 to 72 5 
73 to 96 3 
Greater than 96 4 


* From the Charles Block Cardiac Research Laboratory, Newark Beth Israel Hospital, Newark, New Jersey. 
This study was supported in part by U. S. Public Health Service Research Grant HF-8685. 
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TABLE II 
P sf and T sf Loop Orientation in Vectorcardiograms 


TABLE III 
Initial and Terminal QRS sf Forces 


Orientation No. Orientation No. 
P Loop Initial 
Left, inferior, anterior 9 Right, superior, anterior 28 
Left, inferior, posterior 6 Right, inferior, anterior 14 
Left, inferior 2 Left, superior, anterior 4 
Right, inferior, posterior 2 Right, anterior 2 
Right, inferior, anterior 1 Left, inferior, anterior 1 
Left, superior, anterior 1 Left, inferior, posterior 1 
Left, anterior 1 
Inferior, anterior 1 ie 
Not determined 27 Terminal 
T sé Loo p Right, superior, posterior 33 
Right, inferior, posterior 9 
Left, superior, posterior 7 
Left, inferior, anterior 41 Right, superior, anterior 1 
Left, inferior, posterior 5 
Left, inferior 4 


Care was taken to use comparable areas of elec- 
trode placement in all vectorcardiograms and electro- 
cardiograms. 


RESULTS 


VECTORCARDIOGRAMS 


P sE Loop: The P sE loop was demonstrated 
clearly in twenty-three subjects and was 
oriented to the left, inferiorly, and either an- 
teriorly or posteriorly in seventeen (Table II). 

T sE Loop: The T sk loop was identified 
in all subjects and showed consistent orientation 
to the left and inferiorly. It was displaced 
anteriorly in forty-one infants and posteriorly 
in five, while four subjects showed equal de- 
viation in either direction (Table II). 

QRS sE Loop: In twenty-eight subjects, the 
discernible initial QRS sE forces were directed 
to the right, superiorly and anteriorly, while in 
thirty-three,- the terminal forces were to the 
right, superior and posterior (Table III). 
The initial forces were directed to the left in 
six subjects. 

In the frontal plane (Table IV), the QRS sk 
loop was inscribed in a clockwise direction in 
forty-six infants and counterclockwise in four. 
The QRS sE loop was displaced predominantly 
inferiorly in forty-three infants and superiorly in 
only six, while one infant displayed equal 
deviation in either direction. The loop was 
oriented mainly to the right in twenty-nine and 
more to the left in seventeen infants. The 


angle of the mean QRS vector ranged from a 
minimum of —154 degrees to a maximum of 
+135 degrees, but in most cases lay between 
+56 and +110 degrees. The angle between 
the mean QRS and T vectors was less than 40 
degrees in thirty-nine infants. 

In the sagittal plane (Table IV), the QRS sk 
loop was inscribed in a clockwise direction in 
thirty-seven, counterclockwise in ten and equal 
figure-of-eight in three infants. Forty-six loops 
were displaced mainly inferiorly, only three 
superiorly and one equally in both directions. 
In forty-five infants, the QRS sk loop was 
oriented anteriorly, while only four showed 
posterior displacement, and one displayed 
equal amplitude anteriorly and_ posteriorly. 
The angle of the mean QRS vector varied from 
a minimum of —106 degrees to a maximum of 
+154 degrees, but in forty-five infants lay be- 
tween +20 and +80 degrees. The angle 
between the mean QRS and T vectors was less 
than forty degrees in the sagittal plane vector- 
cardiogram of forty-four subjects. 

In the horizontal plane (Table IV), the QRS sk 
loop was inscribed clockwise in thirty-eight, 
counterclockwise in eleven and equal figure-of- 
eight in one infant. In forty-five infants the 
loop was oriented mainly anteriorly, while 
three were displaced posteriorly and two showed 
neither predominant anterior nor posterior 
location. There was predominant orientation 
to the right in twenty-seven, to the left in twenty 
and to neither right nor left in three infants. 
The angle of the mean QRS vector ranged from 
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TABLE IV 
Vectorcardiographic Findings 
Finding No. Finding No. Finding No. 
Frontal Plane Sagittal Plane Horizontal Plane 
Direction of inscription Direction of inscription Direction of inscription 
Clockwise 46 Clockwise 37 Clockwise 38 
Counterclockwise 4 Counterclockwise 10 Counterclockwise 11 
S/I ratio* Figure-of-eight 3 Figure-of-eight 1 
<1.0 43 S/I ratio* A/P ratiot 
1.0 1 <1.0 46 <1.0 3 
>1.0 6 1.0 1 1.0 2 
L/R ratiot >1.0 3 >1.0 45 
<1.0 29 A/P ratiot L/R ratiot 
1.0 4 <1.0 4 <1.0 27 
>1.0 17 1.0 1 1.0 3 
Angle of the mean QRS >1.0 45 >1.0 20 
vector Angle of the mean QRS Angle of the mean QRS 
+56 to +110° 35 vector vector 
+111 to +135° 5 +20 to +80° 45 +60 to +120° 39 
— 154 to —105° 5 Less than +20° 2 —121 to 0° 3 
0 to +55° 2 Greater than +80° 1 Greater than +120° 3 
Not determined 3 Not determined 2 Not determined 5 
Mean QRS.-T angle Mean QRS.-T angle Mean QRS.-T angle 
Less than 40° 39 Less than 40° 44 Less than 40° 27 
Greater than 40° 5 Greater than 40° 4 Greater than 40° 14 
Not determined 6 Not determined 2 Not determined 9 
* Ratio of superior to inferior orientation of the QRS sf loop. 
t Ratio of left to right orientation of the QRS sE loop. 
t Ratio cf anterior to posterior orientation of the QRS sh loop. 
a minimum of —121 degrees to a maximum of —ELECTROCARDIOGRAMS 
+148 degrees, but most lay between +60 Rate and Rhythm: The ventricular rate varied 


and +120 degrees. 


The mean QRS-T angle 
was less than 40 degrees in twenty-seven subjects. 


TABLE V 


132 per minute. 


Electrocardiographic Data 


from 100 to 180 per minute with an average of 
Arrhythmias were noted in 


P Wave T Wave R/S R Wave S Wave 
Lead 
Up- | Plat In- Di- | Up- In- Di- <1 1 >1 Mini- | Maxi-| Aver- | Mini- | Maxi-| Aver- 
right verted |phasic | right verted! phasic mum | mum age mumj|mum/| age 
Extremity Leads 
I 49 1 0 0 37 6 5 2 48 0 2 0 14 $.7 0 16 6.7 
III 37 4 3 6 29 5 12 a 1 1 48 3 19 10.8 0 10 2.8 
aVR 1 1 48 0 6 5 37 2 17 2 31 0.5 11 4.3 0 14 3.8 
Precordial Leads 
V;3R* 34 0 4 8 30 2 12 2 2 1 43 4 18 9.1 0 11 3.4 
Vi 40 0 6 4 30 1 14 5 16, 1 39 5 27 11.3 0 19 6.7 
Vi 49 0 0 1 31 3 13 3 31 1 18 4 26 14.8 1 29 14.9 
Ve 50 0 0 0 39 4 6 1 16 6 28 2 20 7.4 0 20 6.8 


Norte: R and S wave amplitudes in 1/19 mv. 


* Not recorded in four cases. 
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eight infants, including five with ventricular 
premature systoles, one with atrial premature 
systoles, one with nodal premature systoles and 
one with a wandering pacemaker. Sinus 
arrhythmia was observed in several infants, 
particularly in those with slower ventricular 
rates. 

Extremity Leads: The height of the P wave 
was measured in standard lead II and never 
exceeded 0.25 mv. The P-R interval varied 
from 0.07 to 0.14 second with an average of 
0.11 second. The QRS interval was deter- 
mined from the extremity leads and ranged 
from 0.04 to 0.06 second with an average of 
0.05 second. 

The extremity leads I, III and aVR were 
analyzed (Table V) as to direction of P and 
T waves, R/S ratio and amplitude of R and 
S waves. In general, P and T waves were 
upright in leads I and III and inverted in lead 
aVR. The QRS complex was usually negative 
in lead I and positive in lead III. No subject 
showed left axis deviation. The configuration 
of the QRS complex in lead aVR was rsR’ 
in fourteen subjects, rSR’ in twelve, rSr’ in 
ten, rsr’ in six, rS in five, and rSR’s’, rR’, 
Qr, each in one. 

Precordial Leads: Precordial leads V3;R, V3, 
V, and V¢ were analyzed as described with the 
extremity leads (Table V). In the right pre- 
cordial leads, tall R waves and shallow S waves 
were usually seen while in the left precordial 
leads, the QRS complexes tended to be more 
biphasic. In lead Vi, the configuration of the 
QRS complex was Rs in thirty-four subjects, 
RS in ten, rS in one, R in two, and rsR’, rR’, qR, 
each in one infant. In lead V4, the R and S 
deflections tended to be large in amplitude. 
The T wave was usually upright in the right 
precordial leads of infants less than twenty-four 
hours old. In infants more than one day old, 
the T wave was inverted in twelve, upright 
in eight, diphasic in six and flat in one. In 
the left precordial leads, the T wave was usually 
upright regardless of age. However, four 
infants less than one day old and two more 
than one day old had inversion of the T wave 
in the left precordial leads. 


COMMENTS 


Only scanty information is available con- 
cerning vectorcardiographic and electrocardio- 
graphic studies in infants younger than one day. 
Schaffer? obtained vectorcardiograms in thirty- 
five infants from three hours to seven days old, 


but made no comment on how many were less 
than twenty-four hours old. Ziegler* reported 
on the electrocardiograms of forty-one infants 
less than one day old as did Bharucha and 
Datey* with forty-four infants, but simultaneous 
vectorcardiograms were not obtained. In most 
comparable studies, the infants were sedated 
with oral or parenteral medication. We used 
no drugs, although most records were obtained 
with the infant sucking a bottle of sweetened 
water. 


VECTORCARDIOGRAMS 


We were unable to find previous reference to 
the P sE loop in normal newborn subjects. In 
our infants in whom it could be clearly seen, it 
usually lay to the left, inferior and either 
anterior or posterior (Table II). This loop 
was not well demonstrated in twenty-seven 
subjects, either because of small voltage or 
marked respiratory wandering of the E point 
which tended to obscure it. These difficulties 
probably account for the lack of information 
on the subject. 

Similarly, we were unable to discover any 
previous comment on the T sE loop of new- 
borns. In most of our subjects, it remained 
persistently oriented to the left, inferior and 
anterior despite the wide variation in location 
of the QRS sE loop (Table II). 

The majority of our subjects displayed initial 
QRS forces directed to the right, superior and 
anterior with terminal forces to the right, 
superior and posterior (Table III). This 
is in accord with the findings of Schaffer.’ 
However, in six of our infants, the initial forces 
were directed to the left. Other workers® 
have commented that initial forces directed 
to the left indicate some degree of delay in 
conduction in the left bundle branch. 

In the typical vectorcardiogram of our 
group (Fig. 1A), the QRS sk loop was inscribed 
in a clockwise direction in all planes. The 
loop was oriented to the right, inferior and 
anterior. The QRS-T angle was narrow, 
indicating concordancy of the mean QRS and 
T vectors. These findings are similar to 
those seen in pathologic right ventricular 
hypertrophy in the older child and adult, with 
certain exceptions. In the latter, the QRS sk 
loop in the sagittal plane is usually inscribed in a 
counterclockwise manner, and T sk loop dis- 
cordancy is frequently seen.® 

In addition to the “typical” pattern, many 
interesting variations were noted attesting to 
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Fic. 1A. Vectorcardiogram of Case 16, a ten hour old male. ‘This is the 
typical vectorcardiogram of the newborn infant. The QRS sk loop is. in-+ 
scribed in a clockwise direction in horizontal (H) and frontal (F) planes and in a 
figure-of-eight manner in the sagittal (S), although the larger proximal portion 
is written clockwise. The loop is oriented to the right, inferiorly and anteriorly. 
Note the concordancy of the T sf: loop (T) in all planes. The arrows indicate 
the direction of inscription of the QRS sk loop. All other vectorcardio- 
grams in this report are mounted as indicated here. 


j 


Fic. 1B. Electrocardiogram of Case 16, which displays right axis deviation 
and the pattern of “right ventricular preponderance.” The amplitude of 
the QRS complex in lead V;2 is large. 


the wide range of normal in the vectorcardio- Counterclockwise Direction of Inscription of the 
gram of the newborn. These findings have QRS sE Loop in the Frontal and Horizontal Planes: 
not been emphasized in previous reports and Four of our subjects demonstrated counter- 
will be described more fully here. clockwise inscription of the QRS sf loop in 
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Fic. 2A. Vectorcardiogram of Case 29, a two hour old female. 


The QRS 


sft loop is directed to the left, inferiorly and anteriorly. Note the counterclock- 
wise direction of inscription in the horizontal and frontal planes. 


Fic. 2B. Electrocardiogram of Case 29. The QRS :s upright in lead I, there 
is a biphasic RS in the right precordial leads and a relatively tall R is present 


in the left precordial leads. 


the frontal plane, while eleven had counter- 
clockwise horizontal plane loops (Fig. 2A). 
Of those with counterclockwise inscription in 
the horizontal plane, ten had an R/S ratio of 
greater than 1 in the left precordial leads, 
and seven had an R/S ratio of less than 1 in 
right precordial leads of the electrocardiogram. 

Superior Orientation of the QRS sk Loop: Six 
of our infants had superiorly displaced loops 
in the frontal plane (Fig. 3A). In these, the 
mean QRS vector was directed to the right 


and superiorly. Very wide QRS-T angles 
were noted in this group, indicating the rela- 
tively consistent orientation of the T sk loop. 
However, in most cases the QRS-T angle was 
less than 40 degrees, corresponding to the 
observations made in the normal adult by 
Grant.’ 

Posterior Orientation of the QRS sk Loop: 
A large posterior component was observed in four 
infants in the sagittal and three in the horizontal 
plane (Fig. 4A). This was an unexpected 
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Fic. 3A. Vectorcardiogram of Case 46, a forty-three hour old male. There 


is marked displacement of the QRS sk 


loop to the right, superiorly and ante- 


riorly. The angle between the mean QRS and T vectors in the sagittal and 
and frontal planes is very wide. 


} 
| 
| 


Fic. 3B. Electrocardiogram of Case 46. There is a tall R wave in lead aVR 
with small or negative QRS complexes in leads II, III and aVF, demonstrating 
good correlation with the frontal plane vectorcardiogram. 


finding in the newborn, since the QRS sk 
loop in “right ventricular preponderance” 
is directed anteriorly. 

Orientation of the QRS sE Loop to the Left: 
Twenty infants less than four days old had 
predominant orientation of the QRS sf loop 
to the left in the horizontal plane and seven- 
teen had leftward deviation in the frontal plane 
(Fig. 5A). Elek® described the vectorcardio- 
gram of the infant as being directed entirely 
to the right until after four days of age. 


ELECTROCARDIOGRAMS 


The results obtained for height of the P wave 
and duration of the P-R interval confirmed 


APRIL 1960 


the findings of others.*® In our series no QRS 
interval was found to exceed 0.06 second. 
Other investigators have reported slightly 
longer QRS intervals in the newborn.* 

The typical electrocardiogram of the newborn 
(Fig. 1B) is characterized by right axis deviation, 
tall R waves with shallow or absent S waves 
in right precordial leads and deep S waves 
with small or absent R waves in left precordial 
leads.*9.0 However, as was demonstrated with 
vectorcardiograms, electrocardiograms may also 
show considerable variation from the typical 
appearance (Figs. 2B, 3B, 4B and 5B). Ten 
of our subjects had R/S ratios of less than 1 
in right precordial leads. In addition, twenty- 
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Fic. 4A. Vectorcardiogram of Case 20, a seventeen hour old female. 


Most 
of the QRS sf loop in the horizontal and sagittal planes is oriented posteriorly. 
There is a reduplication of the loop in the frontal plane. 


Fic. 4B. Electrocardiogram of Case 20. Of interest is a deep S wave in lead 
V; and large amplitude of the QRS complex in leads V, and V4. 


eight had R/S ratios greater than 1 in left 
precordial leads (Figs.6A and 6B). We feel that 
the not uncommon finding of “‘adult-like’’ pre- 
cordial electrocardiograms in the normal new- 
born has been inadequately discussed previously 
and should be stressed. The R and S deflec- 
tions in the mid-precordial leads tended to be 
large in amplitude. We agree with those who 
attribute this to certain physical factors such 
as the thin chest wall of the infant rather than 
to ventricular hypertrophy.” 


We have found positive T waves in the right 
precordial leads of eight of twenty-seven 
normal newborns more than one day old. 
This does not agree with Ziegler’s statement that 
the “‘occurrence of positive T waves in right 
precordial leads after the first twenty-four hours 
of postnatal life is highly suggestive—if not 
actually diagnostic—of right ventricular [hy- 
pertension and therefore pathologic right ven- 
tricular hypertrophy of the so-called ‘systolic- 
overload’ or ‘pressure-work’ type.”!! Simi- 
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Fic. 5A. Vectorcardiogram of Case 10, a thirty-eight hour old male. The 
QRS sk loop is largely directed to the left in the horizontal and frontal planes. 


rrr 


- 


Fic. 5B. Electrocardiogram of Case 10. The left precordial leads display a 


relatively tall R wave. 


larly, we observed inverted T waves in left 
precordial leads in two of twenty-seven subjects 
in this age group, which previously has been 
considered as suggestive of left ventricular 
hypertrophy.°—" 

It is our opinion that the diagnosis of patho- 
logic ventricular hypertrophy in the newborn 
infant should not be made on the basis of 
isolated —T wave changes since, as has been 
observed in this study, normal infants may pre- 
sent similar findings. 


SUMMARY 
1. Vectorcardiograms and_ electrocardio- 
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grams were obtained in fifty normal newborn 
infants. 

2. Typically, the vectorcardiographic find- 
ings were similar to those found in cases of 
pathologic right ventricular hypertrophy in 
older children and adults with two possible 
exceptions: (1) T sk loops were almost 
always concordant with the QRS sk loops in all 
planes in the normal newborn; and (2) the 
QRS sE loop was usually inscribed in a clock- 
wise direction in the sagittal plane in the normal 
newborn. 

3. Variations from the typical vectorcardio- 


_ graphic findings were seen including: (1) 


: 
ay 
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Fic. 6A. Vectorcardiogram of Case 15, a four hour old female. 
sh loop is small in size and is inscribed counterclockwise in the horizontal and 


frontal planes. 
teriorly and posteriorly. 


Fic. 6B. Electrocardiogram of Case 15. 


The QRS 


It is oriented to the left, inferiorly, and almost equally an- 


eVL 


v2 va vé 


TT 


| 


The precordial leads demonstrate 


an ‘ adult” pattern with small R and deep S waves on the right side and rela- 


tively tall R waves on the left. 


QRS sh loops oriented predominantly to the 
left in some, superiorly in others and posteriorly 
in still another group; (2) counterclockwise 
direction of inscription of the QRS sk loop 
in the frontal and horizontal planes. 

4. Ingeneral, the electrocardiograms showed 
varying degrees of right axis deviation and 
evidence of “‘right ventricular preponderance” 
in the precordial leads. 

5. Deviations from typical electrocardio- 
graphic findings were also encountered in- 
cluding: (1) precordial lead patterns suggestive 


of “left ventricular preponderance”; and (2) 
T wave changes heretofore described as indic- 
ative of pathologic ventricular hypertrophy. 
These included upright T waves in right 
precordial leads of infants more than one day 
old and inverted T waves in left precordial 
leads of the same age group. 

6. Arrhythmias were present as follows: 
five infants with ventricular premature systoles, 
one with nodal premature systoles, one with 
atrial premature systoles and one with a wan- 
dering pacemaker. 
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7. Because of the wide range of normal, 
conservatism is urged in the interpretation of 
the vectorcardiogram and electrocardiogram of 
the newborn infant. 
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The Evolution of the Vectorcardiogram and 


Electrocardiogram of the Normal Infant 


II. Transition Toward Adult Patterns* 


Frep W. WACHTEL, M.D., Epwin L. ROTHFELD, M.D., WILLIAM S. KARLEN, M.D. and 
ARTHUR BERNSTEIN, M.D., F.A.C.C. 


Newark, New Jersey 


HIs report deals with the changes in the 
and _ electrocardiogram 
of the normal infant from the immediate neo- 
natal period through three months of age. 
During this period profound anatomic and 
physiologic changes occur in the cardiovascular 
system of the infant. The foramen ovale and 
ductus arteriosus close, the pulmonary vascula- 
ture becomes altered with a concomitant drop 
in right heart pressures and the left ventricle 
assumes its role of driving blood through the 
systemic circulation. It is the purpose of this 
paper to describe the reflection of this group 
of changes in the vectorcardiogram and electro- 
cardiogram. 


MATERIAL AND METHODS 


Thirty-one of the original group of fifty infants 
who were studied at birth! were re-examined at one 
month of age and thirty-two at three months of age. 
The others were lost to follow up because of lack of 
cooperation of the parents. The interval history 
was unremarkable in all subjects examined. The 
height and weight of each infant was measured and 
found to be within predicted values for the age 
group. Physical examination was normal in all. 
No sedation was used during the procedures other 
than sucking on a bottle of warm milk. 

The methods of obtaining and analyzing the vec- 
torcardiograms and electrocardiograms were as de- 
scribed in the previous paper.' 


RESULTS 


VECTORCARDIOGRAMS 


Orientation of P sE and T sk Loops: These loops 
shifted somewhat posteriorly as compared with 
the newborn so that at three months of age they 


were oriented either to the left and inferior or 
to the left, inferior and posterior (Table I). 

Initial and Terminal QRS sE Forces: The initial 
forces were directed to the right, superior and 
anterior and the terminal forces to the right, 
superior and posterior in most of the infants at 
one month and in all at three months of age 
(Table II). 

QRS sE Loop in the Frontal Plane: The direction 
of inscription was clockwise in most at one and 
three months of age as it had been in the new- 
born. In all infants the loop was already 
oriented predominantly to the left and inferior 
by one month of age. The average angle of the 
mean QRS vector shifted from +90 degrees 
at birth to +60 degrees at one month of age 


TABLE. I 
P sk and T sk Loop Orientation 


Orientation | One Theee 
| Month Months 
P sk Loop 
Left, inferior 13 16 
Left, inferior, anterior 
Left, inferior, posterior 4 add 
Not determined 10 16 
T sk Loop 
Left, inferior 15 14 
Left, inferior, anterior 9 2 
Left, inferior, posterior 7 16 


* From the Charles Block Cardiac Research Laboratory, Newark Beth Israel Hospital, Newark, New Jersey. 
This study was supported in part by U. S. Public Health Service Research Grant HF-8685. 
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and remained unchanged at three months of TABLE II 
age (Table III). Initial and Terminal QRS sf Forces 


QRS sk Loop in the Sagittal Plane: Again the 


direction of inscription remained clockwise in Chshesitnitiai One Three 
most cases. All loops in this plane were oriented Month Months 
inferior and anterior at one and three months of 
age. However, determination of the average Initial 
angle of the mean QRS vector revealed a pro- - 
gressive increase in posterior displacement, Right, superior, anterior 27 32 
being +53 degrees at birth, +57 degrees at Right, anterior 3 
one month and +75 degrees at three months Left, inferior, anterior i 
of age (Table III). 
QRS sk Loop in the Horizontal Plane: A gradual Terminal 
transition was noted in the direction of inscrip- 
tion from predominantly clockwise at birth Right, superior, posterior 25 32 
(thirty-eight of fifty) to counterclockwise at | 
three months of age (twenty-eight counter- Right, inferior, posterior 1 
clockwise, three equal figure-of-eight, one Right, superior 1 
clockwise). In all cases the loop was displaced Left, inferior, anterior 1 


to the left and anterior at one and three months 
of age. The average angle of the mean QRS 
vector shifted from +85 degrees at birth to a 
leftward and less anterior position, measuring General Findings: The data regarding P wave 
+40 degrees at one month and +27 degrees amplitude, P-R interval and duration of the 
at three months of age (Table III). QRS complex showed no significant changes 


ELECTROCARDIOGRAMS 


TABLE III 
Vectorcardiographic Results 


Direction of Angle of the Mean QRS Mean QRS-T 


Inscription Vector (degrees) Angle 
s/t | L/R | A/P 


| 
Counter- ; Figure- Not 
Clock-| “ciock- |  of- Mini- <40°| >40°| Deter- 
wise | wise | Eight ge mined 


Frontal Plane 


31 
31 


Sagittal Plane 


ng 31 +14 
Three 28 0 4 32 ee 32 +35 +90 +75 26 0 


Horizontal Plane 


One | 15 14 2 31 31 
Three | 1 28 32 32 +6 +48 +27 24 s 


* Ratio of superior to inferior orientation of the QRS sk loop measured in millimeters, 
t Ratio of left to right orientation of the QRS sk loop measured in millimeters. 
t Ratio of anterior to posterior orientation of the QRS sk loop measured in millimeters. 
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TABLE IV 
Summary of P Wave Height, P-R Interval and QRS Duration Data 


Maximum 
Height of 
P Wave 


P-R Interval 
(sec. in lead IT) 


QRS Duration 
(sec. in lead II) 


(mm, in 


lead IT) Minimum 


Maximum 


Average Maximum Average 


Newborn 0.07 
One month 0.09 
Three months 


with age (Table IV). Unlike the newborn, 
sinus arrhythmia was seen in most tracings at 
one and three months of age but was not as 
marked as in older children. 

Extremity Leads: In standard lead I, a pro- 
gressive increase in the height of the R wave 
and a decrease in the depth of the S wave 
occurred so that at three months of age all 
the electrocardiograms showed an R/S ratio 
greater than one in that lead. In lead aVR 
the R wave seen in most newborns diminished, 


and at three months of age the QRS complex 
was predominantly negative. However, in 
standard lead III, the R/S ratio remained 
greater than one in most cases. No left 
axis deviation was seen at either one or three 
months of age (Table V). 

Precordial Leads: \n nearly all infants at one 
and three months of age the height of the R 
wave exceeded the depth of the S wave in right 
precordial leads. In general the QRS complex 
in these leads was Rs in configuration, and 


TABLE V 
Electrocardiographic Data 


T 


R/S 


Up- Flat In- | Di- Up- om In- Di- 


right ras phasic | right | 


verted | phasic 


Mini- | Maxi-| Aver- Mini- | Maxi- 
mum | mum age mum | mum 


One Month of Age (317 Cases) 


Three 


Note: R and S wave amplitudes are measured in 1/10 mv. 
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Age 
Hae 0.14 0.11 0.04 0.06 0.05 
een 0.14 0.11 0.04 0.08 0.06 
ik aes 0.14 0.12 0.05 0.08 0.06 
he 
} 
84 
P | | R 8 
Lead 
| 
Aver- 
<0 
Ro nate I 31 0 0 0 31 | 0 0 0 | 8 | 8 | 15 3 13 6.5 | 2 10 | 5.4 
Ce Ul 25 2 0 4 25 | 6 0 0 3 | 0 | 28 2 17 7:1 4 10 | 2.7 
oo aVR 0 0 31 0 0 | 0] 31 v | 30 | 1 0 0.5 7 3.1 | 4 13. | 7.4 
Dane ViR | 25 1 2 3 o | o | 31 0 | 1} 0 | 30 3 17 8.4 | 1 10 | 2.6 
Vi 26 1 o | 4 31 | o | 20 | 10.2 | 1 12 | 4.2 
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Vectorcardiogram and Electrocardiogram of Normal Infant. 


notching on the upstroke of the R wave was 
seen in seventeen tracings at one month and 
in six at three months of age. The QRS 
complex in the mid-precordial leads was charac- 
terized by very high voltage. In the left-sided 
leads, the R/S ratio was greater than one in 
all tracings at one month of age. The T 
wave was inverted in right and upright in 
left precordial leads at both one and three 
months of age (Table V). 


COMMENTS 


The evolution of the vectorcardiogram has 
been described from birth until three months 
of age at which time, except for the anterior 
displacement of the QRS sE, loop, it already 
resembles that of the normal adult (Figs. 
1A and 2A). The considerable variation 
noted in the vectorcardiogram of the newborn! 
disappears soon after the immediate neonatal 
period so that at one month of age all infants 
have virtually identical vectorcardiograms. 

The data describing the shift of the QRS sk 
loop to the left and less anteriorly at one month 
of age as compared with the newborn is in 
keeping with anatomic evidence that the left 
ventricle grows very rapidly after the first few 
weeks of life.2 We have also observed an im- 
portant change in direction of inscription of 


the QRS sf loop in the horizontal plane from 
clockwise at birth, as observed in pathologic 


right ventricular hypertrophy, to counter- 
clockwise at three months of age, as seen in the 
normal adult. This confirms the findings of 
Elek et al.* who also commented on this vector- 
cardiographic transition. 

A progressive, although less striking, evolu- 
tion was also demonstrated in the electrocardio- 
gram of the normal infant (Figs. 1B and 2B). 


Fic. 1A. Case 39. Typical vectorcardiogram at one 
month of age. There is clockwise inscription of the QRS 
sf loop in the horizontal plane. 
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Fic. 2A. Case 50. Typical vectorcardiogram at three 
months of age. There is counterclockwise inscription of 
the QRS sf: loop in the horizontal plane. 


Again, the tracings at one and three months of 
age were considerably more homogeneous than 
they were at birth. Sinus arrhythmias were 
found far more frequently than in the newborn 
although they were not marked. This is 
probably due to an increase in vagal effects 
as the autonomic nervous system becomes more 
Although at three months of age 


mature. 


the QRS complex in standard lead I is pre- 
dominantly upright in all cases, we found no 
instance of left axis deviation at this age. 
This is in agreement with Ziegler* but at 
variance with Rosen and Gardberg> who 
mentioned that left axis deviation was not 
rare at three months of age. 

The QRS complex in the right precordial 
leads is predominantly upright in almost all 
children at both one and three months of age. 
However, it was noted! that 20 per cent of the 
newborn group had rS patterns in lead V3. 
These infants also had predominant R waves 
in left precordial leads. The electrocardio- 
grams were obtained within the first sixteen 
hours of life in seven of the ten infants in this 
group. Eight of these were re-examined at 
one month of age at which time six had Rs 
complexes in lead V;, one had an equiphasic 
RS and only one had a persistent rS configura- 
tion. This transient adult-like or left ventricu- 
lar pattern in precordial leads seen soon after 
birth may represent temporary left ventricular 
systolic overloading such as might be expected 
with the occlusion of a previously patent ductus 
arteriosus with left-to-right shunt.6 We are 
currently obtaining further data on serial 
electrocardiographic changes in the immediate 
neonatal period. 

Differentiation of Normal and Abnormal Right 
Ventricular Preponderance: One of the most dif- 
ficult problems in pediatric cardiology con- 
cerns the electrocardiographic diagnosis of 
pathologic right ventricular hypertrophy as 
seen in congenital heart disease. The criteria 
for the electrocardiographic diagnosis of right 
ventricular hypertrophy in children have been 
derived from an analysis of the configuration 
and the absolute height of the R wave, the R/S 
ratio or the intrinsicoid deflection in right 
precordial leads.?_ As has been pointed out,’ if 
the electrocardiographic criteria are too strict, 
some cases of true right ventricular hypertrophy 
will be missed, while if the criteria are too lax, 
some normal patients will be misdiagnosed as 
having right ventricular hypertrophy. In our 
series the R/S ratio in lead V; at three months 
was greater than one, and it is not uncommon 
to observe persistence of this finding to 
the age of five or eight years.4* Therefore, 
prior to this age one cannot unequivocally 
distinguish a normal electrocardiogram (Fig. 2B) 
from that of abnormal right ventricular hyper- 
trophy (Fig. 3B). However, we have observed 
that the vectorcardiogram offers an important 
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Vectorcardiogram and Electrocardiogram of Normal Infant. II. 


Fic. 3A. Vectorcardiogram of a three month old female 
child with anomalous pulmonary venous drainage and 
marked right ventricular hypertrophy. The thickness 
of the right ventricular wall was 13 mm., while the left 
ventricular wall measured 4 mm. The QRS sk loop 
is displaced to the right and is inscribed clockwise in 
the horizontal plane. 
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Fic. 3B. Electrocardiogram of the patient whose vector- 
cardiogram is shown in Figure 3A. 


diagnostic advantage in that it clarifies this prob- 
lem at three months of age. At that time the 
QRS sf loop is oriented more to the left and 
inscribed in a counterclockwise direction in the 
horizontal plane (Fig. 2A), in contradistinction 
to abnormal right ventricular hypertrophy in 
which the loop is oriented more to the right and 
inscribed clockwise in the horizontal plane 
(Figs. 3A and 3B). This distinction was also de- 
scribed by Lasser and Grishman® in a group 
of children ranging in age from eight months to 
eight years. 


455 
V5R n v2 v4 bed 
ri, 
Fic. 2B. Case 50. Electrocardiogram. Ve an 
aan 
3 


456 Wachtel, Rothfeld, Karlen and Bernstein 


SUMMARY 


1. Vectorcardiograms and_ electrocardio- 
grams were obtained in thirty-one normal 
infants at one month of age and in thirty-two 
at three months of age. These infants were 
members of an original group of fifty who were 
first studied at birth. 

2. The QRS sk loop shifted progressively 
to the left and less anteriorly as compared with 
the newborn. In addition, the QRS sE loop 
was inscribed in a counterclockwise direction 
in the horizontal plane at three months of age 
as opposed to predominantly clockwise in- 
scription in that plane at birth. 

3. The electrocardiographic changes were 
less striking. The R/S ratio in lead I was 
reversed from less than one at birth to greater 
than one at three months of age. The tall 
R wave in lead aVR of the newborn diminished 
and at three months of age the QRS complex in 
that lead was predominantly negative. No 
left axis deviation was noted. At three months 
of age, the height of the R wave exceeded the 
depth of the S wave in right precordial leads 
including tracings of those infants in whom 
a “‘left ventricular pattern’? was seen at birth. 
It is theorized that the transient “‘left ventricular 
pattern” seen in precordial leads of some new- 
born infants is due to temporary left ventricular 
systolic overloading secondary to the occlusion 
of a previously patent ductus arteriosus. 

4. The vectorcardiogram offers an important 
advantage in the diagnosis of abnormal right 
ventricular hypertrophy in infants and children. 
It is often impossible to differentiate unequivo- 


cally the electrocardiogram of the normal child 
from that of a child with abnormal right 
ventricular hypertrophy, even up to eight years 
of age. However, at three months of age, 
the QRS sE loop in the horizontal plane is 
oriented to the left and inscribed counterclock- 
wise, while in abnormal right ventricular hyper- 
trophy the loop is oriented to the right and is 
inscribed clockwise in that plane. 
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The Normal Vectorcardiogram of Children’ 


E.iot YOUNG, M.D., JEROME LIEBMAN, M.D. and ALEXANDER S. NADAS, M.D. 


NLY scant studies of the normal vector- 
() cardiogram in children have been made. 
These have not covered, in statistically signifi- 
cant numbers, the entire span of the pediatric 
age group, and quantitative criteria have not 
been applied to the analyses. Since a vector- 
cardiographic analysis of various congenital 
heart lesions was planned, it was considered 
necessary to establish qualitative and quantita- 
tive standards in a sizeable group of children so 
that a baseline for comparison would be avail- 
able. 


MATERIALS AND METHODS 


One hundred thirty-five children who had no his- 
tory or symptoms pertaining to the cardiovascular 
system were carefully examined and found to be free 
of any signs of heart disease. There were fifty-five 
girls and eighty boys, aged two through fourteen 
years (Table I).t Each child had both an electro- 
cardiogram and vectorcardiogram taken. 

Technics of Recording and Analysis: ‘The vector- 
cardiograms were obtained according to a modifi- 
cation of the Grishman cube technic.1 The ap- 
paratus consisted of a Sanborn Vector Ampli- 
fier and Sanborn Model 185 Visoscope to which a 
Dumont 35 mm. Oscillograph-Record camera, type 
296, was attached. The vector loop was interrupted 
every 0.0025 second, the resultant line being in the 
form of a tear drop with the blunt edge leading, so 
that the direction of inscription could be easily seen. 
After photographs were taken, often without P and T 
loops so that initial forces could be accurately ana- 
lyzed, the picture was projected on the screen of a 
Documat Model R roll film reader, from which all 
measurements were made. One millivolt of stand- 
ardization on the oscilloscope equalled 10.5 inches 
on the projector. Multiple linear measurements of 
each loop were made, and the angles (a) subtended 
by the maximal vectors in all three planes, horizontal, 


t Originally, the subjects were divided into two 
groups, two through five years of age, and six through 
fourteen. Statistical analysis proved that there was no 
difference between them and thus, for convenience, both 
groups were included as one. 


Medical School, Boston, Massachusetts. 
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* From the Sharon Cardiovascular Unit, Children’s Medical Center, and the Department of Pediatrics, Harvard 


sagittal and frontal, were determined. The right- 
left, anterior-posterior and superior-inferior displace- 
ments of the maximal vectors were obtained, as have 
all the measurements, according to a method pre- 
viously described.* The timing of each portion of 
the QRS loop was measured by counting the number 
of dots and multiplying by 0.0025 second. 

Only the QRS loops were studied in detail. The 
T loop was analyzed only in terms of measuring the 
maximal linear displacement, the position of the loop 
in space and its relation to the maximal QRS vector. 
The P loop was not studied at all. 

Nomenclature: Standard nomenclature was used,!~* 
the terms right, left, anterior, posterior, superior and 
inferior referring to the patient. The direction of in- 
scription was described as being clockwise, counter- 
clockwise or crossed. The loop was arbitrarily 
divided into the initial force, body and terminal ap- 
pendage. For the purposes of this publication deal. 
ing with normal children, the initial force is defined as 
that vector at the beginning of the QRS loop which 
is oriented to the right and/or superior to Zéro. The 
major part of the loop oriented to the left and in- 
ferior will be referred to as the body, and is divided 
into three sections (proximal, middle and distal). The 
terminal appendage is defined as that portion at the 


TABLE I 
Age Distribution of 135 Normal Children 

Age (Yr) No. 
2 2 

3 12 

4 9 

5 11 

6 7 

7 19 

8 13 

9 17 

10 14 

11 16 
12 9 
13 4 
14 2 
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TABLE II 
QRS Timing (Sec. )* 


Standard Maxi- 
Deviation mum mum 


Measure- 


Mean 
ment 


Initial to 


right 0.0125 | 0.0037 0.0225 | 0.0000 
Initial su- 

perior 0.0125 | 0.0125 0.0200 | 0.0000 
Body 0.0375 | Not deter- | 0.0625 | 0.0225 


mined 


0.0062 
Terminal 
superior | 0.0250 | 0.0300 0.0475 | 0.0000 
Total QRS | 0.0610 | Not deter- | 0.0775 | 0.0500 
mined 


Fic. 1. Typical normal vectorcardiogram of a three 

* QRS intervals measured by multiplying number of year old subject directed mainly to the left inferior. 
dots by 0.0025 second. , Note that the horizontal plane is counterclockwise in- 
scribed, the sagittal plane clockwise, and the frontal plane 


clockwise. The electrocardiogram is below. 
end of the loop which is oriented to the right and/or 


ae to inscribe the body is on the average only about 


RESULTS half of the total QRS interval (Table IT). 


QRS TIMING QRS VECTOR PATTERNS AND MEASUREMENTS 


The average total QRS interval was 0.061 Horizontal Plane (Table III): General considera- 
second, with the range being 0.050 to 0.0775 tions: The loops were smooth, slightly flattened 
second (Table II). The maximum figure is ovals, orientated mostly to the left (Figs. 1 and 2). 
significantly less than the 0.095 second obtained Every vector was counterclockwise inscribed. 
by Young et al.” in normal adults, but no average Initially, the loop goes briefly to the right and 
figures are available for comparison. anterior, then turns sharply to the left for some 

The early and terminal forces, especially at distance, only to turn right again, counter- 
the very beginning and very end, were inscribed clockwise and posterior, inscribing a narrow 
much slower than the body. Thus, although loop. Finally it terminates in a small counter- 
the body is much larger than the total of the clockwise loop to the right and posterior. The 
initial and terminal forces, the total time needed long axis of the vector was close to the horizontal 


TABLE III 
Linear Measurements in Horizontal Plane (mv.) 


| Standard | Maxi- | Mini- 
Measurement | Mean Deviation | mum mum 
Initial 
Right | 0.07 0.04 0.20 0.00 
Anterior | 0.09 0.05 0.30 0.00 
Body | 
Left | 0.60 0.19 1.17 0.21 
Anterior | 0.19 0.07 0.36 | 0.01 
Posterior | 0.11 0.07 0.40 | 0.00 
Width | 0.21 0.09 | 0.55 | 0.05 
Terminal 
Right | 0.08 0.06 0.31 0.00 
Posterior 0.10 0.05 0.20 0.00 
Ratio right Fic. 2. Typical normal vectorcardiogram of a five year 
to left | 0.15 0.12 0.53 0.00 old subject with the frontal plane counterclockwise in- 


scribed. 
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Fic. 3. Normal variation in a fourteen year old subject. 


(zero degree), varying from —20 degrees (pos- 
terior) to +25 degrees (anterior). The mean 
axis was +5 degrees, and thus was slightly 
anterior. 

Initial forces: Initial rightward forces were 
present in all but two subjects, and were anterior 
and counterclockwise inscribed in every case 
(Table IV). 

Body: As noted, the body was of hemioval 
configuration and was always counterclockwise 
inscribed. In six cases the afferent and efferent 
limbs of the loop crossed or touched each other. 
This never occurred in the proximal portion 
of the loop, but was found in the middle third 
in one case and the distal third in five. The 
portion distal to the point of contact was always 
very narrow. Usually the afferent limb was 
anterior while the efferent limb was posterior, 
but there were three cases in which the entire 


TABLE 1V 
Number of Patients with Initial and Terminal Forces 


Plane Initial Terminal 


Horizontal 


Right 133 75 

Absent 2 60 
Sagittal 

Superior 93 98 

Absent 42 37 
Frontal 


Right superior 93 
Left superior 0 
Right inferior 40 13 
Left inferior (absent) 2 
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Normal Vectorcardiogram of Children 


The terminal ap- 
pendage in the horizontal plane is far to the right, but also far posterior. Note 
the small r’ in lead V;, of the electrocardiogram. 


body was anterior (Figs. 4, 5 and 6). It is 
important to note, however, that the anterior 
displacement of the end of the body never ex- 
ceeded that of the initial force. In no case was 
the entire body posterior, although occasionally 
posterior displacement occurred early, in the 
proximal portion of the loop. 

Terminal appendage: ‘The rightward terminal 
appendage occurred in seventy-five of the 
135 cases (Table IV). This portion was usually 
counterclockwise inscribed, small and smooth, 
but could be quite variable. Occasionally, it 
presented itself as a large posterior rightward su- 
perior projection (Fig. 3) or a tiny appendix 
(Fig. 4). It could also be linear (Fig. 6) or have 
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Fic. 4. Normal variation in an eight year old subject. 
The bodies of the QRS loops in the horizontal and 
sagittal planes are entirely anterior with the terminal 
appendages in all planes very small. 


we 
Vv 
AVL AVF 4R 
H 
Nor: 
i 
4 
A 
tis 


460 Young, Liebman and Nadas 


Fic. 5. Normal variation in an eleven year old subject. 
The bodies in the horizontal and sagittal planes are en- 
tirely anterior and there is no terminal rightward or su- 
perior appendage. 


a figure of eight configuration (Fig. 7). It is 
important to point out that when the latter 
type occurred, the clockwise inscribed portion 
distal to the point of contact was always very 
narrow, in contrast to that seen in patients with 
atrial septal defects. In all but two instances, 
the terminal appendage was entirely posteriorly 
inscribed, whereas in the others it was mostly 
posterior after an initial anterior segment (Fig. 
6). In sixty patients there was no rightward 
terminal appendage at all (Figs. 5 and 8). 
Sagittal Plane (Table V): General considera- 
tions: As in the horizontal plane, the loops were 
smooth, slightly flattened ovals, oriented mostly 
inferiorly (Figs. 1 and 2). Every vector was 


TABLE V 
Linear Measurements in Sagittal Plane (mv.) 


Standard | Maxi- | Mini- 


Measurement | Mean 
Deviation | mum mum 


Initial 
Superior 0.06 0.05 0.16 0.00 
Anterior 0.09 0.05 0.30 0.00 
Body 
Anterior 0.13 0.04 0.35 0.02 
Posterior 0.10 0.05 0.39 0.00 
Inferior 0.81 0.76 1.33 0.14 
Width 0.19 0.13 0.45 0.03 
Terminal 
Superior 0.10 0.08 0.38 0.00 
Posterior 0.10 0.03 0.26 0.00 
Ratio super- 
ior to in- 
ferior 0.20 0.25 0.80 0.00 


clockwise inscribed. Initially, the loop goes 
briefly up and anterior, then turns sharply 
downwards for some distance, only to turn up 
again, clockwise and posterior, inscribing a 
narrow loop. Finally, it terminates in a small 
clockwise portion, superior and posterior. The 
long axis of the vector was close to the vertical 
(+90 degrees), varying from +115 degrees 
(posterior), to +72 degrees (anterior). The 
mean axis was +188 degrees, and thus was 
slightly anterior. 

Initial forces: Initial superior forces were pres- 
ent in ninety-three of the 135 cases, the others 
being oriented directly inferiorly and anteriorly 
(Table IV and Fig. 5). Every initial force was 
anterior to zero and clockwise inscribed. 

Body: As noted, the body of the loop was 
hemioval and always clockwise inscribed. In 
six cases, the afferent and efferent limbs crossed 
or touched each other. As in the horizontal 
plane, this never occurred in the proximal por- 
tion of the loop, but was found in the middle 
third in two cases and in the distal third in four. 
The portion distal to the point of contact was 
always very narrow. Usually, the afferent limb 
was anterior, the efferent limb posterior. In 
three cases (as in the horizontal plane), the en- 
tire body was anterior, with anterior displace- 
ment of the end of the body never exceeding 
that of the initial force. Occasionally, posterior 
displacement occurred early in the proximal 


Fic. 6. Normal variation in a four year old subject. 
The bodies in the horizontal and sagittal planes are en- 
tirely anterior. Note that the terminal appendage in 
the horizontal plane is quite anterior; thus, there is a 
prominent r’ in lead V; of the electrocardiogram. 


portion of the body, but never was the body en- 
tirely posterior. 

Terminal appendage: A terminal superior ap- 
pendage was present in ninety-eight cases 
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Normal Vectorcardiogram of Children 


Fic. 7. Normal variation in a seven year old subject. 


Note the prominent ter- 


minal rightward and normally posterior appendage in the horizontal plane so 


(Table IV). Usually, this took the form of a 
smooth, small, clockwise bulge, but sometimes 
variations occurred similar to those described 
in the horizontal plane. The terminal force 
was usually entirely posterior, being partly an- 
terior in only two cases in which the body was 
all anterior. In thirty-eight cases there was no 
superior terminal appendage at all (Fig. 5). 
Frontal Plane (Table VI): General considera- 
tions: The vector loops in this plane displayed 
the greatest variability. Although the vectors 
were usually smooth, slightly flattened ovals, 
one or more crossings often occurred. The 
direction of inscription could be either clockwise 
(Fig. 1) or counterclockwise (Fig. 2), although 
many frontal plane loops crossed so frequently 
that no definite direction could be assigned 


TABLE VI 
Linear Measurements in Frontal Plane (mv.) 


Measurement | Mean Standard | Mazi-| Minj- 
Deviation | mum mum 
Initial 
Superior 0:06 0.05 0.16 0.00 
Right 0.07 0.04 0.20 0.00 
Body 
Left 0.60 0.19 1.17 0.21 
Inferior 0.81 0.76 1.33 0.14 
Maximum 
length 0.90 0.47 1.81 0.50 
Width 0.16 0.45 0.47 0.00 
Terminal 
Right 0.08 0.06 0.31 0.00 
Superior 0.10 0.08 0.38 0.00 
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that there is a small r’ in lead V,R of the electrocardiogram. 


(Fig. 5). The orientation of the vector was 
diagonally to the left inferior. 

Initially, the majority of the loops go briefly 
to the right superior, then turn sharply to the 
left inferior for some distance, only to turn back 
up and to the right again, inscribing a more or 
less narrow loop. Finally, the loop terminates 
to the right and superior. The long axis aver- 
aged +59 degrees, varying from +20 degrees 
(horizontal position) to +80 degrees (vertical 
position). 

Initial force: An initial rightward superior 
vector occurred in ninety-three cases, with the 
force being right inferior in forty (Table IV). 
In two of the 135 cases there was no initial 
force. The inscription could be either clock- 
wise or counterclockwise, usually depending on 


Fic. 8. Normal variation in a ten year old subject. 
No terminal appendage to the right. 
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TABLE VII 
Angle a 


Horizontal 
(degrees) 


Sagittal 
(degrees) 


Frontal 
(degrees ) 


Relation* T to 


+5 (—20 
to +25) 

0 (—19 to 
+15) 

5 (0 to 26) 


+88 (+72 
to +115) 
+88 (+70 
to +105) 
5 (0 to 20) 


+59 (+20 
to +80) 
+50 (+15 
to +75) 
11 (0 to 


QRS 30) 


Note: Average figures followed by the range of 
variation. 

* Determined by measuring the difference in the T 
angle from the QRS angle in each individual vector- 
cardiogram, then averaging the differences. 


the direction of inscription of the body, although 
occasionally it was in the opposite direction 
(Fig. 4). 

Body: As noted, there was great variability in 
this section of the frontal plane. Sixty-nine 


vectors were inscribed counterclockwise and 
thirty-one clockwise, while thirty-five were 
crossed. Unlike the horizontal and sagittal 
planes, the crossings were often multiple, fre- 
quently occurring in the proximal portion of 


the loop. Although the vectors were usually 
narrow, frequently they were quite wide open 
(Fig. 6). 

Terminal appendage: A rightward superior ap- 
pendage was present in sixty-two cases, but 
thirty-six cases ended to the left superior and 
thirteen cases to the right inferior (Table IV). 
Twenty-four patients had no terminal append- 
age in this plane. The direction of inscription 
could be in either direction. Usually it was in 
the same direction as the body, but could be 


opposite (Fig. 4). 


T VECTOR 


In all cases in which adequate tracings were 
available (almost all), the direction of inscrip- 
tion of the T loop in the horizontal and sagittal 
planes was the same as in the body of the QRS 
loop (Table VII). The same tendency was 
present in the frontal plane, except that the 
narrowest QRS loops sometimes were associated 
with oppositely inscribed T loops. 

The linear orientation of the T loop was in 
the same direction as the QRS loop, being to the 
left in the horizontal, inferior in the sagittal and 
to the left inferior in the frontal plane (Table 
VIII). There were no exceptions to this, al- 


TABLE VIII 
Linear Measurement of T Wave (mv.) 


Measurement Mean Maximum | Minimum 


0.44 
0.07 


0.06 
0.41 


Left 0.20 


Inferior 


though the exact angle of the T vector was usu- 
ally slightly different from the QRS. Although 
the average axis of the T loop was almost identi- 
cal to that of the QRS in the horizontal and 
sagittal planes, and only 9 degrees different in 
the frontal plane, occasionally there was a de- 
viation of as much as 26 degrees in the horizon- 
tal, 20 degrees in the sagittal and 30 degrees in 
the frontal plane. 


COMMENTS 


As mentioned previously few studies have 
been made on the normal vectorcardiogram in 
children and none of them includes quantitative 
analysis. Of the publications reviewed, only 
four deal exclusively with children; two of these 
consider only the infant age group,®*.® the third 
discusses only nine children, six of whom are 
under two years of age,’ while the fourth uses a 
different vector system.* The conclusions 
reached by the investigators studying the vector- 
cardiogram of infants are unanimous and stress 
the presence of right ventricular dominance, ex- 
pected in this age group. 

The vectorcardiogram of children two through 
fourteen years of age has not been the subject of 
special studies, although a small number of chil- 
dren have been discussed in general studies of 
the normal vectorcardiograms. Kornbluth and 
Allenstein* included fourteen adolescents aged 
ten through nineteen in their studies of one 
hundred subjects, while Scherlis, Lasser and 
Grishman® analyzed the vectorcardiograms of 
ten subjects aged six to twenty and eleven more 
aged four months to five years. Three older 
children are also included in the study of Lasser 
and Grishman.’ All three of these publications 
imply that the vectorcardiogram of older chil- 
dren has more anterior and rightward forces 
with clockwise inscription in the frontal plane 
than those of adults, although less than those of 
the young infant. The evidence for the pres- 
ence of right ventricular dominance is difficult 
to obtain from the published data since (1) the 
patients are not broken down into definite age 
groups, (2) no quantitative analysis is offered, 
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(3) the published loops do not always indicate 
the points emphasized and (4) the numbers of 
subjects are very small. 

The present publication does not attempt to 
discuss the normal vectorcardiogram of infants. 
In the group of patients we studied, aged two 
through fourteen years, there was no significant 
qualitative difference from that reported in 
adults. Furthermore, statistical analysis showed 
no significant difference in the vectorcardio- 
grams of children aged two through five, from 
those aged six through fourteen. The quanti- 
tative analysis cannot be compared with that 
published in adults since the Duchosal technic 
was used in the study by Young, Wolff and 
Chatfield. Finally, two-thirds of our vector- 
cardiograms showed counterclockwise inscrip- 
tion in the frontal plane, a figure comparable 
to the pattern described in most adults. 

Thus, from the qualitative viewpoint, there 
seems to be no significant difference between 
the vectorcardiogram of adults and those of 
children. No comparison is possible at the 
present time quantitatively since two different 
vector systems have been used in the only two 
studies available. 

RSR’ Pattern In Lead V,: One further point to 
be discussed is the presence and genesis of the rsr’ 
pattern in normal children, and its differentia- 
tion from the rsr’ seen in lead V; of the electro- 
cardiogram of patients with congenital heart 
disease. Only three of 135 children showed an 
rsr’ pattern. This figure is quite low compared 
with Ziegler’s'® figure of 6.5 per cent as seen in 
children eight weeks to fifteen years of age, per- 
haps because our age group is a relatively older 
one. The vectorcardiograms of these children 
were Clearly different from those seen in patients 
with congenital heart disease and right ventric- 
ular hypertrophy.* The terminal appendages 
giving rise to the r’ in these three children (Figs. 
3, 6 and 7) were clearly differentiated from 
that seen in patients with atrial septal defects 
in that the characteristic large clockwise loop as 
seen in the latter was not seen in the normal sub- 
jects. In general these appendages were not as 
far to the right or anterior as in atrial septal de- 
fect, although the rightward displacement in 
Figure 3 and the anterior displacement in Fig- 
ure 6 were slightly more than the minimal fig- 
ures found in that lesion. 

It seems clear that rsr’ pattern is the result of 
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rightward terminal forces. The anterior-pos- 
terior forces modify the significance of this right- 
ward vector, since the more posterior the loop is, 
the larger must the rightward projection be to 
manifest itself as an r’ in lead V;. It is worth 
noting in this connection that the electrocardio- 
gram with the tallest r’ in lead V; was obtained 
in an individual whose vectorcardiogram showed 
the shortest rightward force of the three terminal 
appendages, but which also was dominantly an- 
terior. 


SUMMARY 


The normal vectorcardiogram, as analyzed by 
the Grishman technic, has been described in 135 
normal children, aged two through fourteen 
years. 

The normal patterns in all three planes are 
very specific. Minor variations of the normal 
are many, but seems to be easily recognized as 
such and put into the framework of the normal. 

Qualitatively, there appears to be no signifi- 
cant difference in the vectorcardiograms of 
these older children from those of adults. 
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A Study of the Ventricular Gradient in 
Normal Infants and Children’ 


NicHoLas P. DEPASQUALE, M.D. and GEORGE E. Burcu, M.D. 


New Orleans, Louisiana 


HE FRONTAL plane projection of the AQRS 
ft of value in the differential diagnosis of 
congenital heart disease.'~> The ventricular 
gradient (G), on the other hand, has been 
neglected in the study of congenital heart 
disease as well as in normal children. From 
our studies of the ventricular gradient in con- 
genital heart disease,*—* it is evident that this 
parameter needs greater emphasis in an effort 
to better understand the effects of these defects 
upon the heart. 

Since any large series of congenital cardiac 
defects must include infants and children, it is 
important to define more clearly the limits of 
the AQRS, AT and G in normal infants and 
children. The standards to date have been 
based on a study by Ashman‘ of seventy-eight 
children from two to fourteen years of age. 
It is the purpose of this paper to report the re- 
sults of studies of the ventricular gradient in 
172 normal infants and children. 


MATERIAL AND METHOD 


One hundred seventy-two electrocardiograms were 
obtained from normal subjects ranging in age from 
a few hours to sixteen years. All subjects were seen 
in the well-baby and pediatric clinics and were with- 
out heart disease. Most of the subjects were from 
the Lallie Kemp Charity Hospital of Independence, 
Louisiana; the remainder were from the Charity 
Hospital of Louisiana and the Tulane Medical School 
in New Orleans. The ventricular gradient was 
measured by methods previously described.’8 To 
increase the accuracy of measurements, the tracings 
were enlarged four times by projection with an 
epidiascope. 


RESULTS 


The results are summarized in Figures 1 and 2 
and Tables I and II. Except for the minor 


differences in the AQRS, AT and G of infants 
to be described, these vectors were essentially 
similar in children and adults. 

The mean magnitudes of the AQRS and G 
were less during the first three years of life 
than afterward. This shortening was, in large 
part, a result of the rapid heart rate of infancy. 
Ashman® has observed that while the height of 
AQRS was no lower in children than in adults, 
it was narrower. The mean direction of AQRS 
in the frontal plane was more to the right than 
in adults, especially in the first six months of life. 
In the majority of the subjects the AQRS was 
to the right of G; this was probably due not only 
to clockwise rotation of the heart but also to the 
spatial orientation of the muscle masses of 
the two ventricles. It is interesting to note that 
the range in direction of the AQRS narrowed 
with age, whereas the mean direction of G 
was not greatly affected by age. Figure 2 
shows the AQRS, AT and G of the same 
patient at four and thirteen years of age. The 
heart rotated in a counterclockwise direction 
and the AQRS_ shifted from the right of G 
to the left of G, but G itself changed very 
little. 

The angles between AQRS and G, and G 
and AT, were narrow in most instances and in 
only three subjects did the angle between AQRS 
and G exceed 30 degrees. The angle between 
G and AT was greater than 30 degrees only in 
two subjects. 

The mean ratio of G: AQRS was between 2 
and 3. The greater ratio in the younger age 
groups (Table I) was primarily a reflection of the 
relatively small magnitude of AQRS rather 
than a relatively great magnitude of G. Nor- 
mally, the magnitude of G is twice that of 
AQRS.? 


* From the Department of Medicine, Tulane University School of Medicine, Charity Hospital of Louisiana, New 
Orleans, and the Lallie Kemp Charity Hospital, Independence, Louisiana. 
This study was supported by grants from the U. S. Public Health Service and the Thibodeaux Research Foundation. 
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Ventricular Gradient in Normal Infants and Children 
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Fic. 1. Effect of age on the mean AQRS, AT and G. AQRS, AT and G are shown for sub- 
jects from birth to three years of age on the left and for the entire group of 172 subjects, rang- 
ing from a few hours to sixteen years of age, on the right. The AQRS and G were of less 


magnitude in the younger subjects. 


The results of this study indicate that the 
ventricular gradient in normal children falls 
within the same limits as in normal adults. 
Thus, the concept of the gradient can be utilized 
in the study of electrocardiograms of congenital 
defects in children with the same accuracy as in 
adults. 


COMMENTS 


The ventricular gradient, an expression of 
the variations in the duration of the excited 


4 Years 


-120° -60 


7180 


state, is a useful but neglected parameter in the 
study of cardiac disease. The concept of the 
ventricular gradient was first advanced by 
Wilson? and then studied by others.8~-” Al- 
though the ventricular gradient has been used 
from time to time in the study of cardiac 
disease in the adult,"— it has been especially 
neglected in the study of congenital cardiac 
defects, as well as in acquired heart disease, 
in the younger age groups. 

The ventricular gradient has not been ade- 


13 Years 
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Fic. 2. Effect of age on the mean AQRS, AT and G. 
There was essentially no change in the direction and magnitude 


four and thirteen years of age. 
of G. 
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TABLE I 


The AQRS, AT and G for 172 Infants and Children Without Heart Disease 


AQRS 


AT 


No. of 
Subjects 


Direction 
(degrees) 
Mean 


Magni- 
tude 
(micro- 
volts 
per sec.) 


Direction 
(degrees) 
Mean 


Magni- 
tude 
(micro- 
volts 
per sec.) 


Magni- 
tude 
(micro- 
volts 
per sec.) 


Direction 
(degrees) 
Mean 


Aqrs-G 
Angle 
(degrees) 


G-AQRS 
Angle 
(degrees) 


6:AQRS 
(Ratio) 


AQRS to 
Right of G 
(No. of 
Patients) 


AQRS to 
Left of G 

(No. of 
Patients) 


Mean Mean Mean 


22 
20 
27 
26 
34 
35 
35 
29 
30 
34 
30 
24 
22 
34 
28 
34 


38 
39 
45 
47 
55 
60 
58 
54 
49 
63 
53 
67 
65 
60 
50 
60 


| 


14 
16 
17 
22 
22 
28 
24 
26 
21 
31 
24 
32 
26 
27 
22 
27 


49 
37 
40 
47 
52 
41 
47 
40 
49 
47 
42 
48 
46 
54 
48 
54 


80 
46 
61 
57 
53 
65 
54 
66 
52 
74 
56 
54 
58 
57 
58 


]+10 © 


AN 


54 
(15. 


29 
(11.9) 


24 
(9.2) 


46 
(15.0) 


59 
(18.6) 


* Figures in parentheses represent standard deviation. 
+ These figures are totals. 


of analysis is inaccurate especially in children 
who characteristically have tall, narrow R 
waves. Ashman® studied seventy-eight chil- 
dren from two to fourteen years of age and found 
the mean direction of AQRS and G to be 


quately studied in normal children. Ziegler’ 


reported on the “ventricular gradient” in chil- 


dren, but his measurements failed to consider 
time since he measured only the amplitudes of 
the QRS complex and T wave. This method 


TABLE II 
Comparison Between AQRS, AT and G in Two Studies 


AQRS 


Type and No. of 


Patients Magnitude 


(microvolts 
per sec.) 


Magnitude 
(microvolts 
per sec. ) 


Ashman’s Study® 


46.2 
(78.9 to 13.5) 


21.8 
(40.6 to 3.1) 


+39,.2 
(72.2 to 2.2) 


+41.7 


Adults, 164 
(—21.5 to +104.9)* 


46.6 
(76.2 to 16.6) 


16.6 +48 


(+73.1 to 22.9) 


+61.1 


Children, 78 
(+102 to +20.1) 


This Study 


53.9 
(84.9 to 22.9) 


23.6 
(42.0 to 5.2) 


+51.1 
(+78.7 to +23.5) 


59.2 
(+96.4 to +22.0) 


Infants and children, 172 


* The ranges were calculated from Ashman’s paper using 2 standard deviations. 
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Ventricular Gradient in Normal Infants and Children 


shifted more to the right, and the magnitude of 
the AQRS to be less than in adults (Table II). 

Unfortunately, Ashman’s studies failed to in- 
clude infants and newborn babies. We found, 

as he did, a shortening of the AQRS, but in 
our subjects for only the first three years of 
life; beyond three years of age the values were 
the same as for adults. Table II shows a com- 
parison of the mean values and the ranges of 
the AQRS, AT and G in Ashman’s studies of 
adults and children and in our study of infants 
and children. 

In all but five subjects the angles between 
G and AQRS and G and AT were less than 
30 degrees. As was expected in a study of 
children, the AQRS was located to the right of 
G in 70 per cent of the subjects. Presumably, 
this is due to the relatively thick right ventricle 
in infants and to the spatial orientation of the 
heart. 

These studies indicate that except for dif- 
ferences in the mean magnitude of AQRS and, 
to a lesser extent, of G during the first three 
years of life and a shift of AQRS to the right in 
the first year of life, the mean AQRS, AT 
and G in children are very similar to those 
found in adults. The difference in magnitude 
becomes less when corrections are made for 
cardiac rate. 


SUMMARY 


1. The electrocardiograms of 172 infants 
and children without heart disease and ranging 
in age from a few hours to sixteen years were 
analyzed for AQRS, AT and G in the frontal 
plane projection. 

2. The mean AQRS and G were of less 
magnitude during the first three years of life 
than in adults. During the first year of life 
AQRS was directed more to the right than in 
adults. 

3. Except for five subjects, the angles be- 
tween G and AQRS, and G and AT were less 
than 30 degrees. 

4. It is concluded that the mean AQRS, 
AT and G for children are very similar to 
adults except for the differences noted before 
the third year of life, and that the standards 
that already exist in the literature for adults 
are applicable to children. 
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Observations on the T Wave and S-T 
Segment Changes in the Precordial 


Electrocardiogram of 320 Young 
Negro Adults’ 


JoHN THOMAS, M.D., EVELYN HArRRIs, B.s. and GENORA LASSITER, B.S. 


Nashville, Tennessee 


OME authors have noted the prevalence of 
S inversion or intermediate changes of the T 
wave in derivations extending to the left of the 
sternum in the chest leads in the Negro!~* while 
others have reported no increased incidence of 
such changes as compared with white persons.‘ 
In 1954 Grusin’ called attention not only to 
unusual T wave changes in the precordial elec- 
trocardiogram of healthy Bantus in South 
Africa but also pointed out certain changes in 
the S-T segment. Since similar alterations in 
the S-T segment and T waves occur with peri- 
carditis, coronary insufficiency, myocarditis, 
electrolyte imbalance, drug administration and 
other serious physiologic disturbances, it is 
necessary to be familiar with deviations en- 
countered in normal persons. Lack of such 
familiarity may result in unwarranted serious 
prognosis, unjustifiable confinement, emotional 
disturbances and financial hardship for the 
patient or his family. 

During a study of some possible precursors 
of hypertension and coronary artery disease in 
healthy young Negro medical and nursing stu- 
dents, electrocardiograms were recorded. An 
analysis of the S-T segment and T wave changes 
in these subjects will be reported. S-T segment 
elevation and tall peaked T waves were found to 
deserve particular attention. 


MATERIAL AND METHOD 


The subjects were 320 healthy Negro medical and 
nursing students at Meharry Medical College. The 


average age for the whole group was twenty-six years, 
with a range of twenty to forty years. Only one 
subject was forty years old. Two hundred seventy- 
seven were men, whose average age was twenty-six 
(range twenty to forty), while the average age of 
the forty-three women was twenty-four with a range 
from twenty to thirty-eight years. 

Subjects having any evidence of heart disease, 
blood pressure above 140 mm. Hg systolic or 90 
mm. Hg diastolic or any other significant abnormality 
were excluded from the study. Selection was based 
on careful history, physical examination, x-ray film 
of the chest, urine analysis, blood counts, test for 
sickling and cholesterol determinations. Electro- 
cardiograms were, of course, obtained in all potential 
subjects. Several were rejected for the purposes of 
this study by reason of such findings as Wolff- 
Parkinson-White syndrome, nodal rhythm, evidence 
of left ventricular hypertrophy, first degree A-V 
block, bigeminy and patent ductus arteriosus. 
Women who were more than three months pregnant 
were also excluded from this study. 

Twelve lead electrocardiograms consisting of 
leads I, II, III, aVR, aVL, aVF and V; through 
Ve were taken with the subject resting in the supine 
position on a comfortable bed or table. Sanborn 
Visocardiettes were used. Deflections were stand- 
ardized at 1 mv. equal to 1 cm. and paper speed 
was 25 mm. per second. 

The precordial S-T segments and T waves were 
examined. The T waves were recorded as being 
upright, inverted, diphasic or isoelectric. The S-T 
segments were reported as being isoelectric, elevated 
or depressed. Displacement of the S-T segment 
was measured to the nearest millimeter using the T-P 
line as the reference level.6 The height of the T 
wave was measured in the same manner. 


* From the Heart Station, Department of Internal Medicine, Meharry Medical College, Nashville, Tennessee. 
This study is supported by a grant from the Middle Tennessee Heart Association, Nashville, Tennessee and U. S. 


Public Health Service Grant H 3896. 
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TABLE I 
Distribution of T Wave Changes 
Upright Inverted | Diphasic 
Lead 
No. % No. % |No.| % |No.; % 
Vi }120| 37.5 | 153 | 47.8 | 14] 4.3 | 33 | 10.3 
V2 | 308} 96.2 Si 1.5) ter ti 
V; 95.3 Si O91 
| 318} 99.3 0 376.3.) 8.3 
Vs |319| 99.6 1 0.3 0 0 
Ve | 320} 100 0 0 0;| 0 0 0 
RESULTS 


T Wave Changes: A detailed analysis of the 
distribution of the T wave changes can be seen 
in Tables I and II. It is interesting to note 
that only three subjects of the 320, or 0.9 per 
cent, showed the so-called “juvenile” pattern 
with inversion of the T wave as far as lead V3. 
Two of these three were women. This repre- 
sents an incidence of 4.6 per cent for the women 
and 0.3 per cent for the men. 

The average voltage of the T wave can be seen 
in Table III. Twenty-eight subjects, or 10 
per cent, of the men, showed tall, peaked T 
waves sometimes associated with tall R waves. 
The tallest T wave over the precordium was 14 
mm. The T wave in lead V; was usually iso- 
electric, low, diphasic or inverted, so that the 
voltage is not recorded in the table. 

S-T Segment Changes: Elevation of the S-T 
segments in the precordial leads of 2 mm. or 
more in two or more leads to the left of the 
sternum was present in eighty-nine, or 27 per 
cent, of the men but in only one woman. This 
corresponds to the findings in the study of Gotts- 
chalk and Craige.2 This elevation was fre- 
quently associated with tall peaked T waves. 


TABLE II 
Distribution of Inverted T Waves 
Male (277) Female (43) 
Leads 
No. % No. % 
V:-V2 2 0.7 1 2.3 
V:-V3 1 0.3 2 4.4 
Vi-V, 0 0 0 0 
V-V; 0 0 0 0 
Vi-Ve 0 0 0 0 
APRIL 1960 


TABLE III 

Average Height of Precordial T Wave (in mm.) 
Lead Female Male Total Highest 

V2 4.2 5.2 | 14 

V3; 3.1 5.7 5.0 12.0 
Vi 3.4 4.9 14.0 
Vs 2.7 4.2 4.0 13.0 
Ve 2.4 3.2 3.1 10.0 


* The T wave in lead V; was usually isoelectric, di- 
phasic or inverted and the voltage was not averaged. 


COMMENTS 


The S-T segment and T wave are very labile 
components of the electrocardiogram and are 
affected by exercise, excitement, respiration 
and drugs as well as by disease. This lability 
no doubt accounts in part for the various con- 
flicting reports in the literature as to the prev- 
alence of certain changes. Concerning T 
wave inversion to the left of the sternum, our 
findings agree with those of Keller and Johnson‘ 
who found no increased incidence of this pattern 
after studying eighty-five Negro subjects. 

The elements of most concern and to which 
particular attention should be directed are the 
S-T segment elevations and the tall peaked T 
waves (Figs. 1 and 2). In 1954 Grusin® called 
attention to three types of precordial S-T seg- 
ments and T wave changes in 63 per cent of 159 
African medical ward patients and in 22 per 
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Fic. 1. Demonstration of tall peaked T waves in leads 
V; through V, with elevation of the S-T segments. 
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Fic. 2. An example of S-T segment elevation in leads 
V, through 


cent of fifty apparently healthy young female 
African nurses. The alterations in the pre- 
cordial leads were: (1) S-T depression and in- 
verted T waves; (2) S-T elevation and tall T 
waves; and (3) rounded or flat T waves. After 
careful examination and follow up he concluded 
that the changes were not due to heart disease. 
In 1956 Gottschalk and Craige,’ in a study of 
600 healthy young Negro and white subjects, 
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Fic. 3. Subject 20. S-T segment elevation and ter- 
minal dipping of the T waves in leads V; through V5. 


Fic. 4. Subject 20. Repeat electrocardiogram three 
days later showing no significant change. 


found a higher incidence of S-T segment eleva- 
tion among the Negroes. In four Negro women 
they also found diphasic T waves of the plus- 
minus type in several of the precordial leads. 

In our subjects there was a high incidence of 
S-T segment elevation and terminal dipping of 
the T waves. This is an important variant be- 
cause it mimics organic lesions such as acute 
pericarditis, and can only be differentiated 
by serial tracings. However, it must be noted 
that Grusin observed spontaneous fluctuation of 
the S-T segment and T waves over a period of 
one to twelve months in subjects who exhibited 
such changes.5 He could demonstrate no 
disease. Thus, careful recording of the history, 
physical examination and other laboratory tests 
are necessary to determine the significance of 
this kind of change. 

Subject 20 is an example of the striking re- 
semblance of this pattern to one that might be 
seen in pericarditis or acute myocardial 
ischemia (Fig. 3). He was a twenty-one year 
old man who was 6 feet tall and weighed 220 
pounds. He had no symptoms referable to the 
cardiovascular system. Physical examination 
was within normal limits. Fluoroscopic exam- 
ination of the chest revealed the heart to be of 
normal size. Blood counts and sedimentation 
rate were normal. An electrocardiogram taken 
three days later showed no significant change 
(Fig. 4). He was followed up for one year and 
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Fic. 5. Subject 30. S-T segment elevation and tall 
peaked T waves are present in leads V2 through V¢ in 
this subject who had cardiac enlargement. 


no evidence of heart disease was found. It is 
interesting to compare the changes in this subject 
with those seen in acute pericarditis. <A 
significant difference is that the S-T segments 
have a convexity upward in the patient with 
pericarditis while in the normal subject the S-T 
segments show a concavity. 

Tall T waves such as those of the normal sub- 
ject in Figure 1 resemble those seen in hyper- 
kalemia. Occasionally these tall, peaked T 
waves are associated with tall R waves. Grusin 
demonstrated that both the R waves and the tall 
T waves decreased upon inhalation of amyl 
nitrite, after exercise and on deep inspiration.® 

It is probable that the S-T segment and T 
wave changes reported here are normal varia- 
tions. However, one must consider the possi- 
bility that they may be precursors of future 
organic changes, especially since such changes 
occur in heart disease. For example, subject 30 
was excluded from this study because he had 
evidence of heart disease. His electrocardio- 
graphic pattern (Fig. 5) seems to be just a slight 
exaggeration of the pattern of S-T segment eleva- 
tion and T wave changes that have been re- 
garded as a normal variation. This subject, a 
twenty-two year old man, had no previous his- 
tory of heart disease or other significant illness 
and was entirely asymptomatic. Examination 
revealed an apical systolic murmur of moderate 
intensity. Other findings were not remark- 
able. X-ray film of the chest (Fig. 6) showed a 
+15 per cent deviation from the normal trans- 
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Fic. 6. Subject 30. X-ray film of the chest showing 
cardiomegaly. 


verse diameter of the heart,’ the enlargement 
being in the region of the left ventricle. The 
electrocardiographic pattern over the pre- 
cordium shows elevation of the S-T segments, 
peaked T waves and tall R waves. This is 
probably an early pattern of hypertrophy. 
Could the S-T segment elevations and peaked 
T waves that are so prevalent in these subjects 
be forerunners of such a pattern? This can 
only be resolved by a long term follow up of such 
individuals. 


SUMMARY 


1. The electrocardiograms of 320 healthy 
young adult Negroes (277 men and 43 women) 
have been examined for S-T segment and T 
wave changes over the precordium. 

2. Of the 320 subjects studied only three, or 
0.9 per cent, had inverted T waves over the 
precordium as far to the left as lead V3. Two 
of these three subjects were women. 

3. Of greatest interest is an observed high 
incidence of elevation of the S-T segments and 
tall peaked T waves occurring only among the 
men. Such apparently normal variations may 


mimic serious heart disease. 

4. The similarity of these changes to early 
changes seen in patients with heart disease 
necessitates a long term follow up of these sub- 
jects to be sure that the pattern is not a fore- 
runner of heart disease. 
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Electrocardiographic Changes Produced by 
the Valsalva Maneuver in Healthy Adults’ 


NorRMAN SHAFTEL, M.D., DAvip SELMAN, M.D., F.A.Cc.c., PAUL H. KuHN, M.D., F.A.c.c. and 
ALFRED HALPERN, PH.D., F.A.C.C. 


Spring Valley, New York 


| ot on the concept that patients having 
an already compromised coronary circu- 
lation will be more apt to exhibit electrocardio- 
graphic patterns of myocardial ischemia with 
stress, various procedures have been utilized to 
unmask such latent abnormalities. It is known 
that the stress of muscular activity will affect 
the S-T segments and the T waves in ratio to 
nutritional demand and myocardial integrity.!? 
The anoxia test** and the ergonovine test® 
depend primarily on the artificial introduction 
of a nutritional deficit while the “meal” test® 
imposes an additional burden. 

Perhaps the most popular of the stress tests 
commonly used for screening purposes is the 
Master two-step test’ which purports to evaluate 
the response of the coronary circulation to a 
calculated additional work load. When an 
abnormal electrocardiographic response is pro- 
duced by such predetermined activity (stand- 
ardized according to the sex, age and weight 
of the subject) some additional interference 
with myocardial metabolism, usually coronary 
disease, is postulated; yet, after eighteen years 
there is still no universal agreement as to the 
diagnostic value of this test. The disagree- 
ment over its reliability concerns both the diag- 
nostic criteria of abnormality®:? and_ the 
accuracy of the predetermined standards of 
work based on body weight.!0-™ 

In this report, we are concerned with the 
production of electrocardiographic abnormal- 
ities by another stress agent, the Valsalva 
maneuver. Goldberg et al.!? have equated the 
cardiac slowing of phase 4 with left ventricular 
integrity while Gorlin et al.!* have used the rate 
of fall in blood pressure in phase 2 to indicate 
normalcy of function. McGuire and _ co- 
workers observed the appearance of ectopic 
rhythms in seven of twenty-five persons sub- 


jected to the Valsalva maneuver. Hamilton 
and associates'® reported during a “sudden 
strain” there was “‘momentarily no effective 
coronary pressure.” We have recently re- 
ported'* the not infrequent appearance of 
alterations in the electrocardiographic con- 
figuration and cardiac mechanism during the 
performance of the Valsalva maneuver. Scott 
and Sancetta!’ reported the precipitation of 
Adams-Stokes attacks by straining at stool. 
The control electrocardiographic tracing re- 
vealed almost complete atrioventricular block 
with transient ventricular standstill. “On one 
occasion the electrocardiogram first revealed a 
high ventricular tachycardia which later be- 
came coarse ventricular fibrillation with a 
ventricular rate of over 3000 per minute.’’!” 

We propose to examine in more detail the 
electrocardiographic changes occurring in a 
larger series of normal subjects undergoing the 
Valsalva test; a subsequent paper'® will 
examine the results in patients with cardiac 
disease. 


MATERIAL AND METHODS 


A group of 209 subjects, consisting of 114 males, 
ranging in age from fourteen to seventy years (aver- 
age age forty-eight years), and ninety-five females 
whose ages ranged from thirteen to sixty-six years 
(average age forty-nine years), were studied. In 
these groups no cardiac abnormalities were detected 
after a detailed history, physical examination, car- 
diac fluoroscopy or roentgenography, a routine 
twleve-lead electrocardiogram and, when feasible, 
single or double two-step exercise tests. 

The Valsalve maneuver was performed by having 
each subject maintain an expiratory pressure of at 
least 40 mm. Hg for ten to twelve seconds by blowing 
into a sphygmomanometer. The subjects were in 
the reclining position when continuous strips (lead 
II and often also lead I) were taken including the 
prestrain, strain and poststrain periods. 


* From the Department of Experimental Therapy, Spring Valley General Hospital, Spring Valley, New York. 
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PATIENTS OVER 40 YEARS OF AGE 


PATIENTS UNDER 40 YEARS OF AGE | 


NO CHANGE 


CHANGE 


PERCENT OF GROUP 


Fic. 1. 


Incidence of electrocardiographic changes produced by the Valsalva 


maneuver (40 mm. Hg for ten seconds); according to age and sex. 


RESULTS 


Of 209 subjects, forty-seven (22.5 per cent) 
exhibited one or more electrocardiographic 
changes in response to the Valsalva maneuver 
(Table I and Fig. 1). The modifications noted 
included lowering of the T wave to less than 
half the control value in 15.3 per cent, inversion 
of T waves in 2.4 per cent and a depression of 
the S-T segment in 4 per cent (Fig. 2). In an 
additional 2.9 per cent there was some dis- 
turbance in rhythm such as premature ventricu- 
lar systoles or incomplete heart block. Other 
infrequent abnormalities included slurring of 
the QRS complex and T-P fusion. Multiple 
modifications were present in seven subjects. 
The incidence of abnormalities was slightly 
greater in the female group (27.5 per cent as 
compared with 19.8 per cent in the males). 


CoMMENTS 


Our preliminary studies have indicated that 
leads I and II uncover the highest percentage of 
abnormalities, but when only one lead was 


TABLE I 


Incidence of Electrocardiographic Changes Produced by 
the Valsalva Maneuver (40 mm. Hg for Ten Seconds) 
in Normal Subjects* 


Per Cent 


Change 


Lowering of T wave 

T wave inversions 

S-T segment depression 

Premature ventricular con- 
tractions 

Partial heart block 

Slurred QRS 

T-P fusion 


* Multiple abnormalities in several of the subjects are 
listed individually under corresponding single ab- 
normality. 


used, lead II was chosen. As a control, how- 
ever, in at least half the cases, both leads I 
and II were taken. Precordial leads were 
generally unsatisfactory because of chest move- 
ments during the active phase of the testing, 
and also because slight alterations in positioning, 
plus the respiratory variation, had a confusing 
effect on electrocardiographic alterations and 
handicapped the future reproduction, quanti- 
tatively, of produced changes.'® Subsequent 
studies may indicate a greater usefulness of 
precordial or unipolar leads, but at present this 
seems unlikely. An interesting observation 
was the not infrequent lowering of voltage, 
most common in lead I. This may have re- 
sulted from variation of heart size or position in 
response to the particular strain of the Valsalva 
maneuver. A future study of changes in the 
spatial vectorcardiogram is contemplated to 
resolve this point. 


CAUSES OF ELECTROCARDIOGRAPHIC CHANGES 


Although at present we cannot accurately 
assign the cause of the abnormalities de- 
scribed, certain possibilities are worthy of serious 
consideration. 

It is known that alterations in position affect 
the electrocardiographic configuration,!® but 
this does not seem to be a factor in the present 
experiments. As indicated above, spatial alter- 
ations of the heart with respect to the body 
may occur, but if this were an important con- 
sideration it would be more frequently (or 
universally) encountered; furthermore, 
though it might explain the over-all lowering of 
voltage, it would not explain an_ isolated 
lowering of the T wave or depression of the S-T 
segment. It would also not explain the greater 
percentage of the alterations in patients with 
organic heart disease.'* In this regard, we are 
planning to correlate the observed electro- 
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Fic. 2. Changes in the electrocardiogram during the Valsalva maneuver. A, depressed ST segment and inverted 
T waves. B, marked lowering of T wave. C, ventricular extrasystoles after every second normal beat. 


cardiographic changes during the Valsalva — centage of abnormalities would be found in pa- 
maneuver with roentgenologic observations of _ tients with coronary artery disease, and work in 
alterations in size and position of the heart. progress indicates such results.'® 

The muscular effect of the Valsalva maneuver The significance of the present findings is yet 
might conceivably be implicated except that uncertain. It is possible that those patients 
the interval of stress is short (ten seconds) and who show electrocardiographic changes in 
inconsequential when compared to the relatively — response to the Valsalva maneuver may have 
exacting demands of even the single two-step occult (or future clinical) coronary disease. 
test. Only extensive long term follow up will settle this 

Another possible contributing factor of the point. It also remains to determine which 
Valsalva maneuver is the period of apnea, but lead will prove the most informative and to 
although apnea may produce S-T segment and ___ devise a standard for a minimal significant alter- 
T wave changes,”° chiefly in lead III and pre- _ation which will have diagnostic and/or prog- 
cordial leads, we did not find any significant nostic value. Certainly this test is to be recom- 
changes in the leads we employed with simple — mended, if applicable, by its simplicity. 
breath-holding for periods equal to that re- 


quired in the Valsalva test (ten to twelve 
seconds). 1. Electrocardiographic studies were carried 


A more likely explanation of the changes out in 209 persons free from detectable heart 
would appear to be related to the hemodynamics disease during the performance of a standard 
of the Valsalva maneuver itself.4 Shortly | Valsalva maneuver. 


after the commencement of this maneuver 2. In 22.5 per cent significant changes were 
(phase 2), blood is pooled in the extremities | observed. These most often consisted of marked 


and cardiac filling is reduced. As a result the lowering of the T wave and depression of the S-T 
cardiac output is quite low and the arterial | segment. Other changes included extrasystoles, 
systolic and pulse pressures are minimal, Partial heart block, slurring of the QRS complex 
often described as “empty pulses.” It seems and T-P fusion. 

reasonable to assume a corresponding minimal 3. Explanation for the production of these 
coronary artery perfusion,!® resulting in a Changes are discussed and it is concluded that 
worsening of the myocardial nutrition. This reduced coronary perfusion is the most likely 
would. account adequately for the ST-T segment Causative factor. 

changes, as well as changes in conduction and Deveeeuces 

myocardial irritation. 


SUMMARY 


1. Smmonson, E. Effect of moderate exercise on the 
electrocardiogram im healthy young men and 


TONEFICANCE OF CHANGES middle-aged men. J. Appl. Physiol., 5:584, 1953. 
We believe that just such a mechanism may 2. Kimura, N. and Smonson E. The effect of 
account for cardiac tragedies during bowel moderate and hard work on the spatial electro- 
evacuation, particularly in the increased strain- 3, syn- 
ing accompanying constipation.’® This hy- drome induced by gradual "general anoxemia. 
pothesis would suggest that an even greater per- Proc. Soc. Exper. Biol. @ Med., 29: 557, 1932. 
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Postoperative Changes in Blood Coagulation | 


in Elderly Patients’ 


GiorGio FERUGLIO, M.D., HERSHEL SANDBERG, M.D. and SAMUEL BELLET, M.D., F.A.C.C. 


Philadelphia, Pennsylvania 


T HAS been demonstrated that surgical 
I operations, by inducing absorption of the 
products of injury to tissues and changes in 
blood components, volume and viscosity, pro- 
duce significant variations of blood coagulability. 
These, together with circulatory conditions!” 
and vascular factors,*—> are considered the main 
causes of postoperative thromboembolic phe- 
nomena. 

Since the observations of Evans® in 1929, 
numerous studies have appeared, stressing the 
postoperative changes of the various clotting 
factors and culminating in the recent attempts of 
Barker et al.,? Milch et al.* and Allen,* to prevent 
postsurgical thromboembolic complications by 
prophylactic use of anticoagulants. Although 
postoperative thromboembolic episodes occur 
with greatly increased frequency in elderly 
patients,*® no detailed postoperative coagula- 
tion studies have been performed, as far as we 
know, in this specific group. 

The purpose of this investigation was to study 
the blood coagulability of patients sixty-five or 
more years of age immediately preceding and 
following surgery. 


MATERIAL AND METHODS 


Fifteen patients ranging in age from sixty-seven to 
ninety-three years (average age, seventy-eight years) 
were studied immediately before undergoing surgery 
and in the postoperative period on the third and sev- 
enth day. These postoperative days were chosen as 
the optimal times for sampling because previous ex- 
perience!1,12,%,30 indicates that the changes in blood 
coagulation, which begin immediately after surgery, 
reach their maximum three days later. From this 
time on they apparently revert toward the preopera- 
tive state, leveling off by the sixth to seventh post- 
operative day. Four subjects were male and eleven, 


female. Thirteen had undergone major surgical pro- 
cedures under general anesthesia, and two had 
undergone minor operations under local anesthesia. 
All patients were followed clinically during the pre- 
and postoperative periods. Current surgical meas- 
ures were utilized in the postoperative care of the 
patients. Their course during this period of con- 
valescence was uneventful. 

The following coagulation studies were performed: 
(1) clotting time in glass tubes; (2) clotting time in 
siliconized tubes; (3) recalcification time; (4) pro- 
thrombin activity of the plasma by the one-stage 
method of Quick; (5) residual prothrombin; (6) 
tolerance to heparin in vitro; and (7) platelet count. 
The hematocrit values of all blood samples were 
also determined. All blood samples were drawn with 
18-gauge needles and siliconized syringes from 
patients in the fasting state who had not received 
blood or fluids within the preceding twelve hours. 

The clotting times were determined on 1 ml. of 
blood utilizing tubes of 10 mm. internal diameter. 
The silicone used was siliclad (Clay-Adams, New 
York, New York). The recalcification time was 
determined within the first two hours. The residual 
prothrombin was studied on the sixth hour, keeping 
the samples at room temperature. The tolerance to 
heparin in vitro was studied by a modification of the 
method of De Nicola,* utilizing four tubes prepared 
as follows: 


bg Contents 

1 0.5 ml. citrated plasma 

0.1 ml. heparin solution, 10 units/ml. 
2 0.5 ml. citrated plasma 

0.1 ml. heparin solution, 5 units/ml. 
3 0.5 ml. citrated plasma 

0.1 ml. heparin solution, 2.5 units/ml. 
4 0.5 ml. citrated plasma 

0.1 ml. normal saline 


* From the Division of Cardiology, Philadelphia General Hospital, Philadelphia, Pennsylvania. 
This work was supported by Grant H141 C from the U. S. Public Health Service, and Eli Lilly & Co., Indianapolis, 


Indiana. 
Tt Present address: Toronto, Ontario, Canada. 
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Fic. 1. Normal curve of tolerance to heparin. 


Calcium chloride, 0.4 ml., was added to each tube 
at 37°C. and the clotting time determined. The 
normal values are shown in Figure 1. The platelet 
count was determined on venous blood by the direct 
method of Stefanini and Dameshek. 


RESULTS 


The most significant changes were observed 
in the following tests: 

(7) Clotting Time in Glass and Silicone: The 
clotting time followed a similar pattern in both 
glass and silicone (Figs. 2, 3 and 4). On the 


third postoperative day the clotting time was 
prolonged in the majority of the patients 
(twenty-three of thirty determinations) from a 
minimum of 15 per cent to a maximum of 
255 per cent; this prolongation averaged 155 
per cent in glass and 145 per cent in silicone. 
Two tests in glass and one test in silicone showed 
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Fic. 2. Changes in the clotting time in glass tubes on 
the third and seventh postoperative days. It can be 
observed that the clotting time is prolonged in all but 
three patients on the third, and shortened in all but 
three on the seventh postoperative day. 
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Fic. 3. Changes in the clotting time in silicone tubes 
on the third and seventh postoperative days. It is 
noted that the clotting time is prolonged in all but two 


instances on the third postoperative day, and shortened 
in all but three on the seventh postoperative day. 


no significant deviation from the preoperative 
control tests. Two tests showed a slight shorten- 
ing of the clotting time (15 and 20 per cent both 
in glass and silicone). 

On the seventh postoperative day the clotting 
time was shortened from 15 td 55 per cent 
in twenty-four of thirty determinations; the clot- 
ting times on this day averaged 60 per cent 
(S.D. 16.1) and 75 per cent (S.D. 9.8) of the pre- 
operative control tests in silicone and glass, 
respectively. The clotting time in the remain- 
ing six patients behaved as follows: In two 
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Fic. 4. Average changes in the clotting time of twelve 
tests in glass and thirteen tests in silicone tubes. These 
follow the general trend of prolongation of the clotting 
time on the third, and shortening of the clotting time on 
the seventh postoperative day. 
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Fic. 5. Shortened recalcification time observed on the 


third and seventh postoperative day in thirteen patients. 


determinations where the clotting times in 
silicone were markedly increased (255 per cent 
and 155 per cent) on the third postoperative day, 
the clotting times returned to the preoperative 
values on the seventh day; in the remaining 
four determinations the clotting time in glass 
was prolonged in three instances (15, 23 and 28 
per cent, respectively), while in only one of the 
determinations in silicone tubes was the clotting 
time prolonged (62 per cent) (Figs. 2 and 3). 

(2) Recalcification Time: On the third post- 
operative day the recalcification time showed a 
trend opposite to that displayed by the clotting 
time. In thirteen of fifteen patients the re- 
calcification time was shortened from 22 to 68 
per cent, averaging 42 per cent. Only two 
patients showed a prolongation of the recalci- 
fication time from 15 to 25 per cent. On the 
seventh postoperative day the recalcification 
time remained shorter than the preoperative 
values and did not differ significantly from that 
of the third postoperative day (Fig. 5). 

(3) Platelet Count: On the third postoperative 
day the platelet count was diminished by 20 to 
55 per cent, averaging 45 per cent, in eleven of 
thirteen patients. The remaining two patients 
failed to show significant variations from the 
preoperative values. In no instances was the 
platelet count significantly increased. 

On the seventh postoperative day, in eleven 
of thirteen patients, the platelet counts were in- 
creased from 20 to 55 per cent, averaging 33 per 
cent, over the preoperative values. Two failed 
to show significant changes (Fig. 6). 

(4) Tolerance to Heparin in Vitro: On the third 
postoperative day the tolerance to heparin was 
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Fic. 6. Decrease in the platelet count on the third, and 
the increase in the number of platelets on the seventh 
postoperative day. 


decreased from 25 to 75 per cent (averaging 46 
per cent) in twelve of fifteen patients. On the 
seventh postoperative day the tolerance to 
heparin was increased in eleven of thirteen 
patients from 15 to 200 per cent (averaging 65 
per cent) over that of the preoperative period. 
A slightly decreased tolerance to heparin (20 per 
cent) was observed in only two patients. 

(5) Prothrombin Activity and Residual Pro- 
thrombin: The prothrombin activity and residual 
prothrombin failed to show consistent trends in 
either direction. 

(6) Hematocrit: The hematocrit values showed 
only minor variations. These were of in- 
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Fic. 7. Decreased heparin tolerance in twelve patients 
and the increased heparin tolerance in three patients 
on the third postoperative day. On the seventh post- 
operative day twelve patients show increased heparin 
tolerance and three show slightly decreased heparin 
tolerance. 


| 
4 
--- 
. 
4 
AVG 
50 
ae 
| 


480 Feruglio, Sandberg and Bellet 


sufficient magnitude to influence the changes 
observed in blood coagulation. 


COMMENTS 


Although variations in blood coagulation dur- 
ing the postoperative period have been ex- 
tensively studied, the effect of surgical stress on 
the individual clotting factors is not clearly 
defined. Fowler, Roehm and Parlan" state 
that the clotting time determined pre- and post- 
operatively remains essentially unchanged. De 
Takats and Marshall” present some patients with 
a shortened clotting time twelve to twenty-four 
hours after operation and many others in whom 
this is prolonged on the second and third post- 
operative day. Hidalgo, Alfred and Ralls'® 
stress the relationship between changes of the 
clotting time and the extent of the injury to 
tissues after surgery; Coon and Godgson" be- 
lieve that the site of operation, rather than the 
degree of breakdown of tissue, frequently affects 
the clotting time. Thus, operation on the lungs 
more than on any other organ seems to result in 
postoperative hypocoagulability due to fibrin- 
olysis.4 Still another, Schneider'® feels that 
the stress induced by surgery is capable of pro- 
ducing changes in the clotting time in either 
direction. 

With the exception of changes in the platelet 
count,!®-*° and the recalcification time?”!?® 
(about which there is considerable agreement) 
equally contradictory results are reported for the 
individual clotting factors. Thus, Reich and 
Sternberger” state that there is no significant 
postoperative change in the prothrombin ac- 
tivity. Ambrosi,” Curcio and Dalla Favera* 
and Nasilowski?® observed a marked decrease in 
prothrombin activity. Bifani et al.?® noted a 
decrease in some and an increase in others. 
Mahoney and Sandrock?’ found a prolongation 
of the prothrombin time in their fifty-eight 
normal postoperative patients during the first 
three days. . 

Costantini and Tintori** observed that the 
heparin activity decreases constantly in the first 
few hours following surgery and returns to 
normal within seventy-two hours. Bifani et 
al.2® noted a diminution of heparin activity in 
13.3 per cent of their patients during the entire 
postoperative period of observation (six days). 
In 26.7 per cent there was an initial drop in 
heparin activity during the first three days with 
a return to normal levels by the seventh post- 
operative day. De Takats and Gilbert?®*®® also 
noted a decreased heparin activity one to three 


days following surgery with a return to normal 
within two to six days in “hyperreactors’”’ and 
eight to nine days in “‘hyporeactors.”’ 

Any attempt to resolve this apparent mass of 
contradictions must take into account the fact 
that many conditions related to surgical pro- 
cedures can influence the individual clotting 
factors and thus modify the clotting time. The 
pre- and postoperative care of the patient, the 
type and duration of anesthesia,*!—* the site and 
extent of the surgical procedure,!*.* the occur- 
rence of shock,*® and the administration of 
blood, vasoconstrictor drugs, steroids*%4° 
and antibiotics**? may influence the clotting 
mechanism. 

Since it is well known that individuals in the 
older age group react to states of stress in a 
manner quite different from that displayed by 
younger subjects,“ we thought that age, too, 
would play a significant role in the response of 
blood coagulation to surgical procedures. 

Our patients responded essentially in the 
following way: A state of hypocoagulability 
developed on the third postoperative day, 
followed by a trend toward hypercoagulability 
on the seventh postoperative day. Not all the 
clotting factors were oriented in the same direc- 
tion on the third postoperative day. There was, 
in fact, an increased thromboplastin activity as 
manifested by a shortening of the recalcification 
time. Other factors, however, (the drop of the 
platelet count and the decrease in the tolerance 
to heparin) appeared to counteract this effect 
and shift the clotting mechanism in the opposite 
direction. 

On the seventh postoperative day all factors 
seemed to operate in the same direction (in- 
creased thromboplastin activity, platelet count 
and tolerance to heparin) with a resultant 
shortening of the clotting time. 

Marggraf and Hinrichs” and Bifani et al.?® 
performed a similar study on a younger popula- 
tion and observed the same trend toward hypo- 
coagulability on the third postoperative day; on 
the seventh postoperative day the coagulation 
factors approached the preoperative control 
levels but failed to show the trend toward 
hypercoagulability noted in our study. 

The general pattern we have described was 
observed in the thirteen patients who had under- 
gone major surgery. Those who had undergone 
minor surgery (removal of cataracts under local 
anesthesia) failed to show any significant change 
in thromboplastin activity or platelet count. 
This seems to be in agreement with previous 
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observations” that injury to tissues plays a 
significant role in the postoperative changes in 
blood coagulation. It is interesting to note that 
most of our patients displayed a definite tendency 
toward hypercoagulability by about the seventh 
postoperative day. It has been repeatedly ob- 
served clinically that thromboembolic complica- 
tions occur most frequently between the seventh 
and eighth postoperative day.> In a previous 
study on postoperative myocardial infarction“ 
we observed that coronary occlusion in elderly 
patients occurred most frequently on the first 
and second postoperative day. The incidence 
of this postoperative complication declined 
sharply on the third day and rose again by the 
sixth postoperative day. 


SUMMARY AND CONCLUSIONS 


A coagulation profile of fifteen patients, 
ranging in age from sixty-seven to ninety-three 
years, was studied immediately prior to surgery 
and on the third and seventh postoperative days 
in the following manner: (1) clotting time in 
glass and silicone; (2) recalcification time; (3) 
prothrombin activity in plasma and serum; (4) 
tolerance to heparin in vitro; and (5) platelet 
count. 

In most of the patients (thirteen of fifteen) a 
state of hypocoagulability developed on the 
third postoperative day, followed by a tendency 
toward hypercoagulability on the seventh post- 
operative day. 

These results obtained in the older age group 
revealed a much more definite trend toward 
hypercoagulability on the seventh postoperative 
day than did a similar study on a younger age 
group. 

The tendency toward hypercoagulability 
noted on the seventh postoperative day might be 
considered to be an important factor in pro- 
ducing the greater incidence of postoperative 
thromboembolic phenomena observed in elderly 
patients. 
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Comparison of Internal Mammary Artery 
Ligation and Sham Operation for 
Angina Pectoris" 


E. Grey Dimonp, M.D., F.A.c.c., C. FREDERICK KITTLE, M.D. and JAMEs E. CROCKETT, M.D. 


Kansas City, Kansas 


IGATION of the internal mammary arteries 
e as therapy for angina pectoris has received 
wide attention.'~* This report describes an 
evaluation of the treatment of angina pectoris by 
ligation of the internal mammary arteries com- 
pared with a sham procedure. 


METHOD 


This has been carried out in the following manner: 

(1) Two cardiologists selected patients who pre- 
sented an adequate and uniform history classic for 
angina pectoris. 

(2) Each patient had, either at rest or on exercise, 
a distinctly abnormal electrocardiogram. 

(3) Before operation each patient was exercised 
to the point of angina under observation, and elec- 
trocardiograms were then obtained. 

(4) The patients were operated on under local 
anesthesia. The surgeon, by random sampling, 
selected those in whom bilateral internal mammary 
artery and vein ligation (second interspace) was to be 
carried out and those in whom a sham procedure was 
to be performed. The sham procedure consisted of 
a similar skin incision with exposure of the internal 
mammary vessels, but without ligation. 

(5) Neither the cardiologists nor the patient knew 
which operative procedure had been performed. 

(6) Before and after the operation, the patients 
maintained personal “logs” describing their daily 
use of nitroglycerin, the characteristics of their pain 
and their tolerance to work. They were asked to 
grade in per cent their change following the operation. 

(7) On the day following surgery, the patients 
were exercised to angina (when possible) and elec- 
trocardiograms were recorded. This was repeated 
frequently during the first week following surgery and 
at intervals up to one year. The cardiologists at- 
tempted to quantitate the patient’s tolerance to 
effort and evaluate the degree of abnormality in the 
exercise electrocardiogram. 


RESULTS 


Eighteen carefully selected patients comprised 
this group. A total of 156 exercise electro- 
cardiograms were obtained. In attempting to 
evaluate these eighteen patients it was apparent 
that the two yardsticks, (1) the patient’s ap- 
praisal of his work capacity, and (2) the changes 
in the electrocardiogram after exercise, were 
unrelated. The subjective sensation, angina, 
was materially lessened in all of the patients 
immediately following the operation and this 
improvement was maintained in fifteen of the 
patients (Chart I). Three patients who were 
temporarily improved retained this benefit for 
two days, two weeks and one month, respec- 
tively. In the fifteen patients who had sus- 
tained benefit (that is, lessened angina) following 
the surgery, a distinctly abnormal or “‘positive”’ 
electrocardiographic response to exercise could 
be provoked in thirteen of the fifteen. The 
degree of exercise necessary to produce a signifi- 
cant change was similar to that required before 


4, 10, 11, 12,* 14* 
2, Ny 6, 8, a> 
13,* 15, 17, 18 


Cured (90-100%) 
Definite benefit (50-90%) 


Improved but disappointed 7 
(25-50%) 
Improved for two weeks, 1, 5, 16 
now same or worse 


Cuart I. Patients’ opinion of surgical benefit. The 
numbers (1 through 18) refer to the individual patients 
as they occurred in the series, grouped according to 
their own evaluation of their benefit, expressed as per- 
centage. Those numbers followed by an _ asterisk 
indicate a patient on whom the sham operation was 
performed. 


* From the Departments of Medicine and Surgery, University of Kansas Medical Center, Kansas City, Kansas. 
This study was aided in part by grants from the Kansas Heart Association and the National Heart Institute (HTS- 


5210 [C1]). 
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operation. In the three patients noting tem- 
porary relief, the rest and exercise tracings were 
unchanged. 

Daily “‘logs” in the fifteen patients indicated a 
decreased need for nitroglycerin and an in- 
creased tolerance to exercise. 

Finally, after the cardiologist had reached the 
aforementioned conclusion, namely, that fifteen 
of the eighteen patients noted a sustained de- 
creased need for nitroglycerin and an increased 
freedom from angina after the operation and 
that the “‘positive’’ exercise electrocardiogram 
could continue to be provoked in thirteen of the 
fifteen improved patients, the surgeon then re- 
leased code numbers for the ‘‘sham” operations. 
These were patients 3, 9, 12, 13 and14. They 
had all noted material improvement following 
the operation (Chart I) and a significant im- 
provement in their ability to work. Need for 
nitroglycerin was uniformly decreased. 

The entire group of eighteen patients main- 
tained a written record of the character of 
discomfort, work capacity and weekly use 
of nitroglycerin. 


RECORDS OF PATIENTS WHO UNDERWENT 
SHAM OPERATION 


The five patients who had sham operations 
maintained the following records (or were 
directly quoted in the physician’s records). 


Sham No. 12 (total follow up eight months). 


Questionnaire: ‘‘Have you noticed any change fol- 
lowing surgery? If so, how soon did it occur? In 
what exact way are you better? Worse? Are you 
100 per cent, 75 per cent, 25 per cent, etc. better? 
Same?” 

Answer: “Yes. Practically immediately I felt 
better. I felt I could take a deep breath and I have 
taken about ten nitroglycerins since surgery. These 
pains were light and brought on by walking. I 
figure I’m about 95 per cent better. I was taking 
five nitros a day before surgery. In the first five weeks 
following, I have taken a total of twelve.” 


Sham No. 13 (total follow up six weeks). 


Office Note (two weeks postoperative): ‘‘Has no anginal 
pains since leaving the hospital and has felt well.’’ 

Office Note (four weeks postoperative): ‘‘Feels much 
better. Much calmer today. No anginal pain or 
other pain since last visit.” 

Office Note (six weeks postoperative): ‘Had brief, 
slight episode of burning-type pain in the area of the 
incision yesterday while walking. Did not stop walk- 
ing and pain disappeared within a few minutes. Has 
had no other pain. The patient is optimistic and says 
he feels much better.” 


Office Note (next day): ‘‘Patient dropped dead today 
following moderate exertion.” 


Sham No. 14 (total follow up three months). 


Same questionnaire as Sham No. 12. 

Answer: “I can do anything except real hard lift- 
ing. I am running farm equipment and using maybe 
one nitro a week. I used to need fifteen a day. 
Believe I’m cured.” 


Sham No. 3 (total follow up seven months). 


Doctor’s Note: “Internal mammary procedure this 
a.m. Is feeling well and happy with results. States 
he has lost the heavy feeling in ‘pit of stomach’ and 
could feel the difference the moment the arteries were 
tied off.” 

Doctor’s Note (five days later) : “No chest trouble even 
with exercise.” 

Doctor’s Note (five weeks later): ‘‘Since surgery has 
been feeling very well and is operating heavy ma- 
chinery. Could not work before. Believes he has 
improved very much after surgery.” 

Doctor’s Note (twelve weeks later): ‘Working every 
day, need about two nitro a day, but can do about 
anything.” 


Sham No. 9 (follow up six months). 


Same questionnaire as Sham No. 12 and 14. 

Answer: ‘““The pressure has come off my chest. 
I still have angina if I push myself (yesterday, raking). 
Hiking over your wooden steps dqesn’t bother me 
now.” 


RECORDS OF PATIENTS WHO UNDERWENT LIGATION 


As a balance, it is useful to cite some answers 
from the ligated patients. 


Ligated No. 6. 


Reply to Questionnaire: ‘‘I have noticed relief from 
these pains within a day after surgery. I can now 
do my normal walking or exercise with less effort 
than before. I have not found it necessary to use 
nitroglycerin since surgery.”’ 


Ligated No. 11. 


Reply to Questionnaire: “‘I have felt some better 
since the day of surgery and have been better day 
by day since. It takes more emotion or hurrying to 
bring on the trouble. Before surgery, I was taking 
from thirty-six to forty nitro tablets per week so I 
feel I have been helped quite a lot. Now I take 
none to three a week.”’ 


EXERCISE ELECTROCARDIOGRAMS 


A total of 156 exercise electrocardiograms 
were obtained from these eighteen patients. In 
the majority, the wooden steps suggested by 
Master were used. On occasion, if the patient 
had extremely easily provoked angina, the 
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patient was walked on the level until angina 
resulted. Our definition of a “positive” re- 
sponse differs from Master’s in that we do not 
believe that a 0.5 mm. depression of the RS-T 
segment is necessarily significant, but consider a 
late terminal dipping of the RS-T segment a 
distinct warning. Several examples of a typical 
“*positive”’ response to exercise by our definition 
are illustrated in Figure 1. 

Analysis of the 156 exercise tracings indicates 
that in general the change in the electrocardio- 
gram can be dependably produced day after 
day with the same amount of exercise. Ex- 
ceptions occur and infrequently a resting and 
exercise tracing will be abnormal one day and 
normal on the subsequent day. As a general 
statement, however, the tracing was reliably 
altered by standard exertion. 

A further observation is that the degree of 
abnormality in the exercise tracing is not quanti- 
tatively related to the degree of angina. True 
effort and emotional chest pressure, amazingly 
sensitive in its provocation, may occur with a 
minimally changed electrocardiogram, while 
another patient may be unaware of chest dis- 
comfort, yet have a 3 or 4 mm. depression of the 
RS-T segment in leads V2, Vs and V¢ on exer- 
cise. 

Of the five patients subjected to the sham 
procedure, all improved subjectively in terms of 
tolerance to exercise, lessened need for nitro- 
glycerin and sense of well-being, and constitute, 
although a very small group, an important and 
unique group. Any proponent of either medical 
or surgical therapy for angina who cites as a 
criterion an improvement in the patient’s work 
capacity, will need to remember and explain 
away the marked response in the five patients 
who underwent the sham operation. 


COMMENTS 


The question which must be answered, of 
course, is did these patients actually have angina 
or was their limitation simply an emotional 
overlay. No final answer is reliably possible. 
When a clinician places a label of “‘angina”’ on a 
patient, he does so by eliciting a story which 
sufficiently fits the clinician’s own personal 
definition. There is no scientific quantitation 
for angina. The value of the clinician’s opinion 
is conditioned by his training and experience. 
We have attempted to validate the “‘angina”’ in 
this series by selecting patients from whom a 
reproducible history of discomfort on effort 
could be elicited separately by two cardiologists 
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Comparison of Operations for Angina Pectoris 


Exercise 


Fic. 1. Examples of exercise electrocardiographic re- 
sponse. Lead V; in six patients (A through F). Rest- 
ing complex at left, exercise complex at right. The 
patients all had clinical angina. According to our 
criteria, all exercise responses are “‘positive’? except 
patient B, whom we consider “‘borderline.” 


and further, by selecting patients with marked 
RS-T and T wave changes on exercise. 
Angina is a sensation experienced by the 
patient and the degree of his experience is not 
simply a measure of the amount of coronary 
disease, but of a patient’s threshold for pain. 
Any attempted therapy for coronary athero- 
sclerosis which assumes the patient’s degree of 
angina or his feeling of well-being as a reliable 
index of improvement must first take account of 
the physician’s (or surgeon’s) personality, the 
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effect of group therapy and the natural course of 
angina. The frightened, poorly informed man 
with angina, winding himself tighter and tighter, 
sensitizing himself to every twinge of chest dis- 
comfort, who then comes into the environment 
of a great medical center and a powerful positive 
personality and sees and hears the results to be 
anticipated from the suggested therapy is not 
the same total patient who leaves the institution 
with the trademark scar. The additional effect 
of bed rest, sedation and anesthesia (local or 
general) must also be weighed. It is also 
difficult for a patient’s actual care to remain 
constant over a period of so-called controlled 
observation. Variables of digitalization, weight 
gain, weight loss and change in dietary habits 
are also involved. 

The traditional relationship of angina and 
emotion is well accepted. A thoughtful ap- 
praisal of this group of patients makes one con- 
clude that true angina was present in the entire 
group and that under the strong psychotherapy 
of surgery there occurred a rearrangement of the 
provoking myocardial metabolites, or a lessened 
sensory pathway or a lessened cerebral aware- 
ness. 

Remembering these variables, and from a 
study of these eighteen patients, it is our con- 
clusion that if internal mammary artery ligation 
is truly offering protection to the patient, some 
supporting data other than patient-reported 
improvement must be offered. Decreased 
angina in itself is an unreliable measurement. 
Patients who underwent a sham operation ex- 
perienced the same relief. The electrocardio- 
gram after exercise is not improved by the liga- 
tion of the internal mammary arteries, even if 
the patient notes an almost total remission of 
pain. 

The benefits described by the five patients who 
underwent a sham operation should be re- 
membered by all proponents of therapy for 
angina, either medical or surgical, who cite as 


their index of proof that the patient was relieved 
or had a decreased need for nitroglycerin. 


SUMMARY 


A sham operation was compared to ligation 
of the internal mammary arteries in patients 
with angina pectoris. Patient improvement was 
identical. The exercise electrocardiogram was 
not altered by either procedure. 
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Acute Myocardial Infarction in a 
City Hospital 


IIT. 


Experience with Shock* 


Monte MALAcH, M.D. and BENJAMIN A. ROSENBERG, M.D. 
Brooklyn, New York 


HE DIRE consequence of shock accompany- 
e ing acute myocardial infarction has been 
graphically recorded in the medical literature.! 
This report relates our experience with shock 
in acute myocardial infarction studied on the 
wards of the University Medical Division II 
of Kings County Hospital between July 1, 
1954, and June 30, 1955, inclusive. The clini- 
cal review of two hundred sixty-four cases? 
and experience with anticoagulants* in the 
same period have been published. 


METHOD AND MATERIALS 


The establishment of adequate and reliable clinical 
criteria for the definition of shock has been a serious 
problem. The failure to observe completely the 
proper evidences of shock may falsely raise survival 
statistics in this highly fatal disease. To assure the 
exclusion of cases of hypotension without shock, we 
decided upon the following means of recognition of 
shock: a precipitous fall in systolic blood pressure 
below 70 mm. Hg or a total decline of systolic blood 
pressure of more than 70 mm. Hg in the presence 
of signs of circulatory collapse, which include pallor, 
cyanosis, sweating, cold skin, dulled sensorium, 
oliguria and rapid, thready or imperceptible periph- 
eral pulses. Those patients who experienced 
precipitous shock and died before any therapy was 
instituted were of necessity excluded from the study. 

All patients described in this article had an acute 
cardiac infarction documented by an electrocardio- 
gram or by postmortem examination. A total of 
twenty-five patients fulfilled our standards, and are 
the subject of this report. These twenty-five patients 
with shock represent an incidence of 9.4 per cent of our 
collected series of 264 patients with acute myocardial 
infarctions in a city hospital in a one-year period. 
All twenty-five patients died, even though shock was 
transient or responded to therapy in thirteen. 

Our observations were categorized and included 


fifteen patients in whom norepinephrine was the 
sole therapeutic agent; three patients in whom 
phenylephrine (neosynephrine) alone was used; two 
patients in whom norepinephrine and phenylephrine 
were utilized; and five patients, who were desig- 
nated as a control group, and received 5 per cent 
glucose and water. The norepinephrine and phenyl- 
ephrine, singly or in combination, was diluted in 
5 per cent glucose and water, and infused intra- 
venously at such rates and concentrations sufficient 
to yield a systolic pressor response to 100 mm. Hg 
or alleviate the clinical manifestations of shock. The 
solution of 5 per cent glucose and water for the 
control group was similarly infused intravenously. 
The duration of treatment varied from one hour to 
seven days. The maximum total dose of norepi- 
nephrine administered was 64 ug. to a single patient. 

The social and medical backgrounds of the twenty- 
five patients were evaluated in an attempt to find 
clues for a predisposition of shock accompanying 
acute myocardial infarction. There were fifteen 
men and ten women. All patients were white. 
They ranged in age from the fifth to the tenth decade 
of life. Eighty per cent of the patients were over the 
age of sixty, and 36 per cent were older than seventy 
years of age. Sixteen patients (64 per cent) were 
Jewish, six were Catholic and three were Protestant. 

Thirteen patients were at rest or asleep, two were 
sitting, one was walking and one was at the toilet 
bowl when shock developed. The circumstances 
were unknown in eight. The duration of the acute 
infarction prior to the development of shock is in- 
dicated in Table I. There was no correlation of the 
pressor response or mortality rate with the occurrence 
of shock early or late in the course of an acute cardiac 
infarct. 

The antecedent history revealed that thirteen patients 
presented a history of hypertension, ten had angina 
pectoris, five had a previous myocardial infarction 
(of whom three had two episodes) and eight had a 
history of congestive heart failure. 


* From the Department of Medicine of the State University of New York, Downstate Medical Center, Brooklyn, 
New York, and the University Medical Service, Division II of Kings County Hospital, Center, Brooklyn, New York. 
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TABLE I 
Duration of Infarction Before Shock* 


Time No. 


Before Admission 


Concurrent 

1-4 hr. 

6-12 hr. 

13-24 hr. 

More than 48 hr. 


After Admission 


Less than 48 hr. 
3-7 days 

2 weeks 

3 weeks 

4 weeks 


* Unspecified in one. 


Physical examination on admission to the hospital 
disclosed cardiomegaly in fifteen, distant heart 
sounds in twelve, basal rales in twelve, hepatomegaly 
in nine and pulmonary edema in three. 

Electrocardiographic evidence of an acute myocardial 
infarction was present in fifteen patients. Eight of 
the infarcts were anterior, four were posterior, one 
was subendocardial and two were combined anterior 
and posterior. Four recordings revealed an ap- 
parently old myocardial infarct. Arrhythmias and 
conduction disturbances were observed in ten 
patients and included heart block, bundle branch 
block, auricular flutter and fibrillation, and ventricu- 
lar extrasystoles. 

Postmortem examinations were performed on twenty 
patients (80 per cent). The clinical-pathologic 
correlation of these cases is included in the sub- 
sequent publication.* A summary of those findings 
reveals no difference between the group who went 
into shock and the other patients with infarction 
who came to autopsy with respect to cardiac weight, 
thickness of the ventricular wall, size or location of 
the acute infarction, presence of mural thrombi, 
pulmonary thromboembolism or pulmonary con- 
gestion. A positive correlation was observed be- 
tween the incidence of shock and an associated old 
myocardial infarction. The patients with shock had 
a lower incidence of encephalomalacia. 


RESULTS 


The results of treatment in the various 
categories are summarized in Table II. It is 
significant that 5 per cent glucose and water, 
alone, given intravenously, was followed by a 
pressor response and relief of shock in three of 


TABLE II 
Results of Treatment of Shock 


Relief of 


Pressor 
Effect ithin 


No. of 30 


Patients Survival 


Minutes 


% |No.| % 


Norepinephrine 6 | 40 

Phenylephrine 0; 0 

Norephinephrine 
and 
phenylephrine 

5% dextrose and 
water 


Totals 


five patients, albeit in the prolonged time 
interval of thirty-five minutes to two hours, 
whereas a pressor response subsequent to the 
administration of pressor amines and relief of 
shock were noted in ten of twenty patients, 
of which seven were effected in less than thirty 
minutes. It is doubtful that a pressor response 
can be attributed to any therapeutic agent for 
shock which requires more than thirty minutes 
to be effective. We designated a therapeutic 
response as a systolic blood pressure rise to 90 
mm. Hg or above, a reversal of the clinical 
picture of shock, or both. 

The treatment of seventeen patients in shock 
with norepinephrine failed to relieve shock in 
seven patients, while seven had reversal of the 
shock syndrome and a pressor response within 
thirty minutes. The three patients who re- 
ceived phenylephrine alone did not come out of 
shock. Despite the use of pressor agents with 
resultant pressor effect in thirteen patients 
(52 per cent), death occurred within twelve 
days in all patients in this series who were in 
shock. 

Seven of the thirteen patients with a history 
of hypertension had a normal blood pressure 
recorded on admission to the hospital or prior 
to the occurrence of shock. A normal blood 
pressure reading may have represented relative 
shock in this group at that time. Three of 
the five patients with a previous myocardial 
infarction had no pressor response whatsoever. 

It is notable that only one patient of the eight 
who had a history of congestive heart failure 
responded to therapy for shock. One of the 
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Shock in Myocardial Infarction 


TABLE III 
Reports on Norepinephrine and Shock with Myocardial Infarction 


Pressor Effect Relief of Shock Mortality 
Series and Authors a of 

sia No. % No. % No % 
1, Miller and Baker’ 1 14 6 86 
2, Kurland and Malach* 14 10 71 9 64 10 71 
3, Calenda et al.? 13 9 70 4 31 11 85 
4, Moyer et al.8 14 12 85 6 42 8 58 
5, Livesay and Chapman® 6 5 83 1 17 5 83 
6, Miller et al.” 9 8 88 5 56 4 44 
7, Smith and Guz" 6 6 100 4 67 2 33 
8, Gazes et al.” 7 7 100 7 100 1 14 
9, Griffith et 30 19 63 17 57 
10, Sampson and Zipser™ 30 27 90 20 67 14 47 
11, Binder et al. 25 23 92 12 48 17 68 
12, Littler and McKendrick"® 22 10 45 “9 ” 22 100 

13, Malach and Rosenberg (present 
series ) 17 10 59 7 41 17 100 

Totalst 93 


* No data available. 


three patients who had pulmonary edema evi- 
denced a relief of both shock and pulmonary 
edema with administration of norepinephrine. 


COMMENTS 


The clinical use of norepinephrine for 
shock associated with acute myocardial in- 
farction has been reported in the literature.!.5—*° 
Norepinephrine results in increased peripheral 
resistance and increased systolic and diastolic 
blood pressures, without an increment of 
cardiac output.”* It is a myocardial muscle 
stimulant.” In laboratory experiments, the 
oxygen tension of ischemic myocardium of the 
anesthetized dog is increased. Table III 
summarizes the reported series and includes our 
own statistics, with a total of 200 cases. A sig- 
nificant degree of pressor response is noted in 
all series ranging from 45 to 100 per cent with 
with an average of 75 per cent. Relief of 
shock was observed in 14 to 100 per cent with an 
average of 47 per cent. The death rate ranges 
from 14 per cent in a small series to 100 per cent 
in the present report and in one other,!* with 
an average of 59 per cent. In all of the re- 
ported series, fewer patients had relief of shock 
than exhibited some pressor response, which 
may indicate the state of total irreversibility of 
the shock. Thus, thirteen (52 per cent) of 
our twenty-five patients revealed a_ pressor 
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+ Exclusive of series 9 for mortality», and series 12 for relief of shock. 


response, whereas only seven (28 per cent) 
were actually relieved of shock. 

Reason for Variable Statistics: The lack of 
uniform criteria for bona fide shock in different 
reports may partially explain the variable occur- 
rence rate of relief of shock, as well as the dif- 
fering mortality statistics. The inclusion of 
hypotensive patients who are not in shock, 
patients with “impending” shock or mild cases 
of shock, will falsely decrease the death rate. 
The problem is magnified by establishing an 
arbitrary level of systolic blood pressure, such 
as less than 90 mm. Hg, or tachycardia over 
100 per minute, as the sole or primary deter- 
minants of shock. Thus, pulse rates as low as 
70 per minute and warm dry hands may occur 
with systolic blood pressures between 70 and 
80 mm. Hg, and are associated with high 
recovery quotas. The exclusion of patients 
with normotensive blood pressure readings 
which may actually represent shock in patients 
known to be previously hypertensive is un- 
warranted. Our own criteria, listed previously, 
did not primarily stress the numerical value of 
the systolic blood pressure. When the cir- 
culating blood volume is inadequate for normal 
perfusion of vital organs and when peripheral 
regulatory mechanisms fail to bridge the gap, 
a patient enters into a state of shock, which 
results in pallor, cold clammy skin, cyanosis, 
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tachycardia, clouded consciousness, 
and hypotension. 

Relation of Effect of Pressor Therapy and Precip- 
itating Causes of Shock: In acute myocardial 
infarction the precipitating mechanisms of 
shock have been listed to include severe pain, 
extensive myocardial necrosis, cardiac failure 
and neurogenic reflex collapse. The obscure 
mechanisms of cardiogenic shock are evidenced 
by confusing peripheral resistance studies which 
indicate either normal or elevated values 
during and after recovery from shock, and by 
the fact that blood volume studies have been 
shown to be normal, increased or decreased 
during shock.'"4° We have made no effort 
to establish the causes of shock in this series. 

If cardiac failure is the central factor in shock 
with infarction, then vasopressor drugs consti- 
tute an increment of cardiac work on the “‘beat- 
ing the tired horse” theory, and cardiac glyco- 
sides are indicated in therapy. Vasopressor 
agents should be of greatest benefit to those 
patients with a low or normal total peripheral 
vascular resistance. Neurogenic precipitation 
of shock would establish a strong indication for 
administration of pressor agents as stimulants 
to peripheral regulatory mechanisms. When 
these mechanisms cannot be aroused, the shock 
is then irreversible. The explanations for 
refractoriness to administration of pressor 
agents*® may include severe myocardial hy- 
poxia, toxic humoral factors such as vaso- 
depressor material or existing maximum arterio- 
lar vasoconstriction. 

Other Therapy for Shock: Severe pain has been 
noted to precipitate shock with acute cardiac 
infarction, and may be related to myocardial 
ischemia and anoxia. The administration of 
oxygen and strong analgesic agents, such as 
morphine, may reverse this type of shock 
without use of pressor agents. Correction of 
complicating features of the acute myocardial 
infarction such as arrhythmias, diabetic acidosis 
or coma, hemorrhage, infection or severe 
congestive heart failure may suffice to alleviate 
the shock without need for pressor amines. 
Primary or secondary shock with myocardial 
infarction, however, represents a medical emer- 
gency, and a long delay in therapy, which re- 
sults in prolonged anoxia, increases the already 
high mortality rate. It also raises the likelihood 
of extension of infarction or of fresh coronary 
occlusions.*! Early therapy increases the likeli- 
hood of a pressor effect and survival.'5.!8 

Comparison of Various Pressor Agents: 


oliguria 


Many 


treatments have been advocated for the allevia- 
tion of shock with cardiac infarction. Whole 
blood transfusion, intravenously or intra-ar- 
terially,**?" digitalization and use of different 
pressor amines!—?%?82930 have been variously 
championed. We have attempted to compare 
the results of administration of norepinephrine, 
phenylephrine, and both in combination, with 
the administration of 5 per cent glucose in water 
as a control study. Phenylephrine has been 
known to be a mild pressor agent, and has been 
reported to give good results in patients with 
mild hypotension or in “‘early shock.’’?9 

None of our three patients who received 
phenylephrine alone demonstrated a pressor 
effect or relief of shock, an indication of the 
severity of shock in our patients. Administra- 
tion of norepinephrine, considered to be the 
most potent of available pressor agents, either 
alone or in combination with phenylephrine, 
yielded a pressor response in ten of twenty 
patients and relief of shock in seven. The five 
patients who received 5 per cent glucose in 
water served as a control for the pressor amines. 
No other reported series on this topic had in- 
cluded a group of control patients. Although 
three of the five control patients exhibited a 
pressor response, it was beyond the thirty- 
minute limit for a reasonable cause-effect 
relationship, and there was no relief of shock. 
We therefore reaffirm the potency of norepi- 
nephrine for pressor effect and alleviation of 
shock. 

Relation Between Pressor Therapy and Cardiac 
Arrhythmias: It would appear that although 
norepinephrine is capable of inducing a favor- 
able pressor effect, the eventual mortality from 
the acute infarction which precipitated the 
shock is not lessened in most larger series. 
Improvement in the systemic arterial blood 
pressure is not necessarily synonymous with a 
final therapeutic benefit. In fact, some work- 
ers? imply a problem because of a significant 
incidence of cardiac arrhythmias with the 
administration of norepinephrine in acute 
myocardial infarction. Three series report an 
incidence of cardiac arrhythmias totaling nine 
cases of fifty-two (17 per cent).!9 From 
clinical and laboratory observations Littler and 
McKendrick!® believe norepinephrine has an ir- 
ritative effect on the myocardium. Miller et al.” 
induced arrhythmias in five of nine normal adult 
male volunteers with hypertension produced 
by intravenously administered norepinephrine. 
It may be that those patients who survive the 
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shock phase of acute infarction with the aid of 
norepinephrine later succumb to an arrhythmia 
engendered by the potent pressor therapy. 

Shock and Congestive Heart Failure: A poor 
pressor effect of norepinephrine was noted in 
patients with the shock of acute cardiac in- 
farction compounded by history or existence of 
congestive heart failure or prior myocardial 
infarction. ‘This observation, though previously 
reported,'® is contrary to a previous study by 
one of us* which indicated a good pressor re- 
sponse in six of nine patients with congestive 
heart failure, and another study” in which 
six of seven had a good pressor effect and re- 
covered. 

Despite the increased arterial, capillary and 
venous pressures in the pulmonary circuit fol- 
lowing the administration of norepinephrine 
to normotensive human beings,”! no report has 
indicated precipitation or aggravation of pul- 
monary edema. In a previous report,® and in 
the present series, one case each of combined 
pulmonary edema and shock resolved upon 
continuous administration of norepinephrine. 
Although both patients eventually died, the 
combination of pulmonary edema and shock 
seldom permits the relief of either before death 
supervenes. 

The patients’ activity at the time of onset of 
shock was not contributory to its cause inasmuch 
as it occurred while the patient was at rest, 
asleep or sitting in fifteen of the twenty-five 
(60 per cent). There is no apparent correla- 
tion between the age of the acute infarct and 
the severity or mortality of shock as noted in 
Table I and elsewhere. 

Mortality and Prognosis: An explanation of 
the high moi tality rate in this series is warranted. 
As stated in our clinical review of 264 cases of 
acute myocardial infarction in a city hospital,’ 
of which the present twenty-five patients are a 
part, the high percentage of death (47 per cent) 
reflected the patient population. In compari- 
son with other reports, there was a_ higher 
average age, greater delay before hospitaliza- 
tion, and more congestive heart failure, tachy- 
cardia and prolonged fever, all of which cause 
the prognosis of acute infarction to be more 
grave. In addition, all patients in the present 
study were in severe shock, not mild or moderate 
The possibility of death from cardiac arrhythmia 
in the seven patients (28 per cent) who were 
relieved of shock and later died, and the relation- 
ship to norepinephrine causally, remains con- 
jectural. We believe that this report repre- 
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sents the true,results of severe shock with acute 
myocardial infarction in the population of a 
large city hospital. A mortality rate of 100 
per cent has also been previously reported.'® 

In conclusion, the disastrous consequence of . 
continued shock to an already ischemic and 
infarcted myocardium, from inadequate coro- 
nary perfusion, prompts us to state that norepi- 
nephrine, the most potent pressor agent known, 
because of its cardiotonic and peripheral vascu- 
lar effects, is still indicated in the shock of acute 
myocardial infarction. Our disappointing re- 
sults are evidence of the grave prognosis of this 
condition in general, and of the severity of 
shock in our patients. A more adequate under- 
standing of the basic mechanisms of shock and of 
the reasons for death in the patients whose 
shock was relieved by norepinephrine will 
yield more fruitful therapy for this disease. 


SUMMARY 


1. Twenty-five patients with profound shock 
accompanying acute myocardial infarction are 
presented. 

2. Of seventeen patients treated with nor- 
epinephrine, alone or in addition to phenyl- 
ephrine, ten evidenced a pressor response and 
seven had relief of shock. 

3. Five patients served as controls, and were 
treated with a solution of 5 per cent glucose in 
water. Three had a pressor response after 
thirty minutes, but none had relief of shock. 

4. The over-all mortality was 100 per cent, 
within a maximum of twelve days after the 
development of shock. 

5. The literature is reviewed, and explana- 
tions for the variability of mortality, mecha- 
nisms of shock, therapeutic procedures and other 
observations are discussed. 
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Retrograde Arterial Catheterization of the 
Left Ventricle’ 


GERARDO Voc!, M.D. and New. A. J. HAMER, M.R.C.P. 


Philadelphia, Pennsylvania 


HE DEVELOPMENT of acceptable methods for 
‘has measurement of pressure pulses in the 
left side of the heart in recent years'~* has led to 
more accurate evaluation of the hemodynamic 
abnormalities resulting from disease of the mi- 
tral and aortic valves. This will ultimately 
allow proper selection for surgery of patients 
whose hemodynamic profiles indicate that 
worthwhile results will be obtained. At the 
present time various technics are being used, de- 
pending on the preference and ability of the in- 
vestigator. 

In 1950 a simple procedure was used in France 
which makes it possible to obtain highly satis- 
factory records of the left ventricular pressure 
pulse by means of a cardiac catheter inserted in 
the right brachial artery and passed across the 
aortic orifice into the left ventricle. The initial 
results and advantages of this procedure have 
already been reported.?’ The present paper is a 
review of our experience during the past three 
years with this technic of retrograde arterial 
catheterization of the left ventricle. 


TECHNIC 


The patient is brought to the laboratory one hour 
after the intramuscular injection of 2 gr. luminal so- 
dium, as for right heart catheterization. Under local 
anesthesia an incision is made on the medial aspect 
of the right arm just above the elbow. The brachial 
artery is identified by palpation beneath the deep 
fascia, and is exposed for a distance of 1 to2 cm. It 
may be necessary to divide part of the lacertus fibro- 
sus. Care is taken to avoid the median nerve which 
lies medial to the artery. Ligatures are placed be- 
neath the artery above and below the site of incision 
to guard against possible hemorrhage, but they are 
not tied. Through a small longitudinal arteriotomy 
(about 2 mm. long) a No. 6, or occasionally a No. 7 
or No. 5, Cournand catheter is inserted and advanced 
to the ascending aorta just above the aortic orifice. 
The curved tip of the catheter is directed inferiorly to 


avoid the carotid artery and the aorticarch. There is 
no bleeding as the catheter fits snugly in the arteri- 
otomy; it may be advanced freely and manipulated 
without risk of hemorrhage. In young children the 
brachial artery may be too small to allow insertion 
and adequate manipulation of a suitable catheter, 
and the femoral artery was successfully used in our 
youngest patient. 

A venous catheter is passed in the usual way, and 
is advanced to the pulmonary artery so that the 
cardiac output can be measured by the direct Fick 
method. This catheter is then wedged in a pe- 
ripheral pulmonary artery branch and simultaneous 
systemic arterial and pulmonary artery wedge pres- 
sures are recorded, using Statham P-23 Db strain 
gauges and a four-channel direct-writing Sanborn 
150 Series Poly-Viso. 

The patient is asked to turn about 20 degrees onto 
the left side, giving a partial right anterior oblique 
view on fluoroscopy. This position brings the as- 
cending aorta to the left border of the cardiac shadow 
and the left atrium passes to the right so that the 
arterial catheter can be seen more clearly. With 
continuous recording of the electrocardiogram and 
fluoroscopic display of aortic and pulmonary artery 
wedge pressures, the arterial catheter is passed 
through the aortic valve. The curved tip of the 
catheter is directed toward the left border of the 
heart shadow and is assumed to pass between the 
coronary cusps of the aortic valve. Several trials 
are sometimes needed before the left ventricle is 
entered. A few ectopic beats may occur as the 
catheter passes into the ventricle, especially if the tip 
touches the apical endocardium. Slight withdrawal 
of the catheter so that the tip is free in the cavity elim- 
inates these extrasystoles, and simultaneous left 
ventricular and pulmonary artery wedge pressures 
may be recorded for as long as desired (Figs. 1 and 2). 
Pressure gradients across the aortic valve are re- 
corded as the catheter is withdrawn (Fig. 1). Subse- 
quently, the venous catheter is placed into a main 
pulmonary artery branch and a second measurement 
of the cardiac output is obtained. The arterial 
catheter is then removed and the arteriotomy re- 
paired with a continuous atraumatic silk suture. 


* From the Circulation Laboratory, the Presbyterian Hospital, and the Glover Clinic, Philadelphia, Pennsylvania. 
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TABLE I 
Retrograde Arterial Catheterization of the Left Ventricle 


Nature . Ascending Left 
of No. of Successful | Aorta Not Ventricle 
Disease Patients Entered |Not Entered 
Aortic stenosis alone 28 21 3 4 
Aortic stenosis and 
mitral stenosis 10 7 1 2 


Aortic stenosis and 
aortic _insuffi- 
ciency 6 7 1 

Aortic stenosis, aor- 
tic insufficiency 
and mitral in- 


sufficiency 4 a 
Aortic insufficiency 
alone 12 12 
Other 20 11 1 8 
Totals 80 60 6 14 


Recently, at the suggestion of Dr. James W. Dow, 
a polyethylene tube has been placed in the ab- 
dominal aorta by means of a Seldinger needle in a 
femoral artery* to monitor the aortic pressure pulse 
throughout the procedure. 


RESULTS 


A total of eighty patients, ranging from five 
to fifty years of age, have been investigated with 
this procedure, as shown in Table I. The left 
ventricle has been entered in sixty patients. Of 
the twenty failures, five resulted from inability 
to advance the catheter beyond the innominate 
artery, or passage of the catheter into the de- 
scending aorta. In one patient the presence of 
painful arterial spasm prevented adequate 
manipulation. In fourteen patients the catheter 
reached the ascending aorta but the left ventricle 
could not be entered. In eight of these the 
aortic valve was clinically normal, but aortic 
stenosis was present in the remaining six patients. 


COMPLICATIONS 


Coronary Obstruction: A potential danger of 
retrograde catheterization of the left ventricle is 
accidental entry of the catheter into a coronary 
artery with the possibility of complete obstruc- 
tion and consequent acute coronary insufficiency. 
This occurred in one of the earliest patients 
studied in Paris by Carlotti.? The tip of the 
catheter was thought to be in the left ventricular 
cavity, but the patient experienced sharp pain 
in the chest and the electrocardiogram showed 
the pattern of acute coronary insufficiency. The 
catheter had probably entered the left coronary 
artery which is superimposed on the left ventric- 


ular shadow. Immediate withdrawal of the 
catheter was followed shortly by disappearance 
of the symptoms and the electrocardiographic 
changes. 

In our series of eighty patients there was no 
similar incident. A coronary artery was entered 
in only one patient with combined aortic insuffi- 
ciency and stenosis. Continuous pressure re- 
cording gave warning of the unusual site of the 
catheter tip and there was no pain in the chest 
as the catheter was not advanced far enough to 
obstruct the lumen. 

Arrhythmias: Cardiac arrhythmia has not 
been a serious problem in this series. There has 
been only one instance of ventricular tachycardia 
with momentary syncope while the catheter tip 
was in the left ventricular cavity. 

Brachial Artery Thrombosis: Thrombosis of the 
brachial artery at the site of arteriotomy may 
occur with consequent abolition or reduction of 
the radial pulse. This complication occurred 
in about one-third of the patients studied. 
Recently, however, cleaning the arterial wound 
with heparinized saline has seemed to prevent 
thrombosis. Care is taken to obtain free bleeding 
from each end of the artery before it is sutured, 
and any clots distal to the arteriotomy are re- 
moved. No ill effect has followed brachial 
artery thrombosis in these patients, the blood 
supply to the forearm and hand being provided 
by collateral vessels. One patient suffered in- 
jury to the right median nerve, but is recovering. 


COMMENTS 


Zimmerman and his colleagues reported on 
retrograde catheterization of the left ventricle 
in 1950.9!° They were unable to penetrate the 
aortic valve in three normal subjects, but were 
successful in eleven of fourteen patients with 
syphilitic aortic insufficiency. The technic was 
tried in only one rheumatic patient with aortic 
insufficiency, and this patient died with ventric- 
ular fibrillation during the manipulation. 
However, Zimmerman!’ mentions work carried 
out in Mexico in which fifty-six left ventricular 
catheterizations were carried out without inci- 
dent. 

Arterial catheterization for aortography has 
sometimes resulted in the accidental passage of 
the catheter into the left ventricle. Johnson et 
al.’ reported such a case and illustrated a with- 
drawal tracing across the aortic valve. Recently, 
Grundemann et al.” reported 100 retrograde 
aortic catheterizations by a technic similar to 
that described here, and were able to enter the 
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catheter through the aortic valve in a patient with aortic stenosis. 


left ventricle in seventy-five patients without 
significant complications. 

In the present study the left ventricle was 
successfully entered in sixty of eighty patients. 
Access to the left ventricle seems easier in the 
presence of a stenotic orifice. This may be due 
to distortion and thickening of the aortic cusps 
so that the catheter tip is directed toward the 
aortic orifice and enters despite the systolic 
emergent jet. In some patients with aortic 
stenosis the chest is short and the aorta and 
innominate artery are usually tortuous, making 
it difficult to pass the catheter into the ascending 
aorta. In other patients, marked poststenotic 
dilatation of the ascending aorta is troublesome 
as the catheter tends to coil above the aorticvalve. 
The ability to enter the left ventricle in the pres- 
ence of aortic insufficiency does not need com- 
ment, the aortic orifice remaining patent during 
the entire cardiac cycle. 

In the presence of a normal aortic orifice, ret- 
rograde access to the left ventricle is more diffi- 
cult. In this series, the catheter could be ad- 
vanced into the left ventricle in only eleven of 
the twenty patients without clinical evidence of 
aortic valve disease. The normal valve cusps 
may tend to divert the catheter tip away from the 
orifice toward the aortic sinuses. The normal 
valve may be negotiated by forming a small 
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. the left ventricle. 


loop at the tip of the catheter which then enters 
the ventricle more easily; slight withdrawal of 
the catheter allows the tip to straighten in the 
ventricular cavity. 

Retrograde arterial catheterization of the left 
ventricle combined with simultaneous venous 
catheterization of the right side of the heart 
and measurement of the cardiac output by the 
Fick method, in the way described, is a useful 
technic for the evaluation of aortic and mitral 
valvular disease. The left ventricular pressure 
pulse obtained in this way appears to be reliable 
both in systole and diastole. Its contour is often 
better than that obtained with either the Brock 
procedure or transthoracic posterior catheteriza- 
tion through the left atrium, as use of a relatively 
large catheter is associated with freedom from 
damping. 

No appreciable difference in the pressure 
pulses could be found in the few patients in this 
study who had both retrograde arterial cathe- 
terization and percutaneous puncture of the left 
ventricle, and there has been no significant 
change in aortic pressure as the catheter enters 
However, the presence of the 
catheter in the aortic orifice would be expected 
to give a false estimate of the degree of obstruc- 
tion in severe aortic stenosis. This error can be 
corrected by calculation of the orifice size from 
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Fic. 2. Simultaneous record of left ventricular diastolic and pulmonary artery wedge 
pressures in a patient with mitral stenosis. 


Aortic pressure recorded by the Seldinger technic and, on the same scale, left ventricular systolic pressure by 


retrograde arterial catheterization in a patient with mild aortic disease. 
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standard formulas as in the case of the pulmonic 
valve.'* More important is the possible risk 
of almost total obstruction with syncope. We 
have not observed this, and in our experience 
the cardiac catheter has crossed aortic valves 
with calculated areas as narrow as 0.2 sq. cm. 
without difficulty. 

Pressure gradients across the aortic orifice are 
measured while advancing and withdrawing the 
arterial catheter in the same way as at the pul- 
monary valve, facilitating recognition of sub- 
aortic stenosis. However, other workers have 
been able to diagnose subaortic stenosis by 
catheterization of the aortic valve with small 
polyethylene tubes through needles in the left 
ventricle“ or left atrium.'® In addition, con- 
tinuous measurement of the aortic valve gra- 
dient is now undertaken routinely by recording 
aortic pressure by the Seldinger technic® on the 
same scale as the left ventricular pressure (Fig. 
3). The simultaneous measurement of the pul- 
monary artery wedge pressure or left atrial 
pressure by the transbronchial method? has also 
allowed continuous estimation of the pressure 
gradient across the mitral valve in patients with 
mitral valve disease (Figs. 1 and 2). 

In our experience the relative safety of this 
procedure makes it the preferred one in most 
patients with aortic stenosis. The left ventricu- 
lar cavity is often small in these patients, making 
percutaneous puncture difficult. Conversely, 
in patients with mitral insufficiency and a rela- 
tively large left ventricular cavity, the percu- 
taneous method may be more satisfactory. The 
hemodynamic data obtained by .this combined 
technic of venous and arterial catheterization is 
extremely valuable and is perhaps unmatched in 
that the ideal basal state can be maintained 
throughout. Additional premedication is not 
needed and the patient is not aware that an un- 
usual procedure is being performed. The 
disturbance of bronchoscopy or transthoracic 
puncture is avoided. 


SUMMARY 


Excellent records of the left ventricular pres- 
sure pulse can be obtained by passing a catheter 
through the aortic valve from the right brachial 
artery. The left ventricle was entered in sixty of 
eighty attempts. The presence of aortic valve 
disease seemed to facilitate passage of the cathe- 
ter. The pressure gradient at the aortic or 
mitral valve can be measured by this technic 
without disturbing the basal state. 
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Experimental Study 


The Effect of Quinidine on Tolerance 
to Digoxin’ 


Pau. L. RopENsky, M.D.,f JOHN H. KATHE, M.D. and FRED WASSERMAN, M.D. 


Coral Gables, Florida 


INCE the initial observation that quinidine 
S possessed antiarrhythmic properties, much 
has been written to delineate these effects in 
greater detail. The therapeutic value of quini- 
dine on arrhythmias induced by digitalis has 
been studied to some extent in the experimental 
animal. However, of the many reviews written 
on the clinical aspects of digitalis intoxica- 
tion,'—'° little mention has been made regarding 
the effect of quinidine in treating the various 
arrhythmias encountered. 

The purpose of this study is an attempt to 
resolve some of the confusion associated with 
the therapeutic use of quinidine in digitalis 
intoxication. 


METHODs AND MATERIALS 


Twenty-one lightly anesthetized mongrel dogs 
weighing 3.2 to 8.4 kg. were used. Each animal was 
lightly anesthetized with 6 per cent sodium pento- 
barbital and given positive pressure air throughout 
the experiment with a mechanical respirator. 

Through a midline abdominal incision, the renal 
pedicles were dissected and doubly ligated; both kid- 
neys were then removed. The left femoral artery 
and vein were dissected free and cannulated. The 
artery was used to record continuous arterial pres- 
sures with the Sanborn Twin Visocardiette and for 
obtaining blood samples to determine plasma quini- 
dine levels, serum electrolytes, blood gases and pH. 
The left femoral vein was utilized for the infusions of 
digoxint and quinidine hydrochloride.§ A_con- 


t Kindly supplied by Burroughs Wellcome and Com- 
pany, Tuckahoe, New York. 

§ Supplied through the courtesy of Brewer and Com- 
pany, Inc., Worcester, Massachusetts. 


tinuous electrocardiogram (standard lead II) was ob- 
tained throughout the experiment. 

Group I: Ten nephrectomized animals, prepared 
in the described manner, were used as control subjects 
to confirm the bioassay of digoxin (single lot prepara- 
tion)." Digoxin, 0.288 mg. per kg. of body weight, 
was diluted to a total of 100 cc. with 5 per cent dex- 
trose in water and given at a rate of 1 cc. per minute 
until ventricular fibrillation or ventricular standstill 
was observed electrocardiographically (Fig. 1). Blood 
samples were obtained during the control period and 
at frequent intervals during the infusion of digoxin. 
These were analyzed for serum sodium, potassium, 
chloride, carbon dioxide combining power and pH, 
using standard laboratory technic. 

Group II: The second group of four nephrec- 
tomized animals were given quinidine hydrochloride, 
1 to 2 mg. per kg. per minute (infused at 1 cc. per 
minute), until electrocardiographic changes attrib- 
utable to quinidine were noted. The infusion was 
then stopped and the animal observed until recovery 
or death occurred. Serum electrolytes, blood gases, 
pH and plasma quinidine levels" were also obtained 
at frequent intervals. 

Group III: The third group of seven animals was 
prepared in a manner similar to the first two. Quini- 
dine hydrochloride, 1 to 2 mg. per minute, was in- 
fused at a rate of 1 cc. per minute until well defined 
effects of quinidine were observed electrocardio- 
graphically (Figs. 2 and 3). The quinidine infusion 
was then stopped and digoxin, 0.288 mg. per kg., 
diluted to 100 cc. with 5 per cent dextrose in water, 
was infused at a rate of 1 cc. per minute until ventric- 
ular standstill or fibrillation occurred. Serum elec- 
trolytes, blood gases, pH and plasma quinidine levels 
were obtained during the control period and at inter- 
vals during the infusions of quinidine and digoxin. 

The electrocardiograms of the control group were 


* From the Department of Medicine and Cardiology, Veterans Administration Hospital, and the University of 


Miami School of Medicine, Coral Gables, Florida. 
¢ Present address: Bangor, Maine. 
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analyzed for progressive changes of digitalis intoxica- 
tion; subsequent records were studied for any 
changes resulting from the prior administration of 
quinidine. 

The total amount of digoxin necessary to produce 
ventricular fibrillation or ventricular standstill in the 
control group and in the animals previously given 
quinidine was recorded. Alterations in serum elec- 
trolytes, blood gases and arterial pH were compared 
in the three groups; the plasma quinidine levels were 
compared in the second and third groups. 


RESULTS 


SERUM ELECTROLYTES, BLOOD GASES AND pH D 
Control Group (Group I—Digoxin Bioassay): 


et 
In this group of ten dogs there was a slight rise Hdd comeebidagaanbstdeaepeneda deanbnsed he 
in the serum potassium (0.50 mEq. per L.) until 
terminally when the serum potassium increased 
an average of 2.43 mEq. per L. (Table I). There 


was no essential change in the sodium, chloride, 

hon ec: Fic. 1. Digoxin bioassay (group I). A, control (lead 
» blood pressure 106/92 mm. Hg. B, after digoxin 
along with the rising potassium, there was a _ 0.237 mg./kg. infused in 82 minutes: A-V dissociation. 
mean drop in the serum sodium of 7.7 mEq. C, after digoxin 0.288 mg./kg. infused in 100 minutes: 


associated with a mean decrease of arterial | A-V dissociation with multifocal ectopic beats. D, 
53 feces 7.4 05. 7.08 after digoxin 0.328 mg./kg. infused in 114 minutes: 
P G Gi gh di Al G ID: I ventricular tachycardia. E, after digoxin 0.337 mg./kg. 
roup Given Quinidine Alone (Group II): In infused in 117 minutes: ventricular flutter and fibrilla- 


those animals given quinidine until electro- tion. 
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Fic. 2. Decreased tolerance to digoxin following infusion of quinidine (group 
III). A, control (lead II), blood pressure 125/78 mm. Hg. B, after quini- 
dine 20 mg./kg. infused in 20 minutes: note sinoatrial slowing with slight 
increase of QRS width. C, after digoxin 0.08 mg./kg. infused in 30 minutes: 
slow nodal rhythm. D, after digoxin 0.19 mg./kg. infused in 61 minutes: 
slow idioventricular rhythm without apparent evidence of auricular activity. 
E, after digoxin 0.225 mg./kg. infused in 78 minutes: ventricular standstill. 
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Fic. 3. 
of quinidine (group III). 


Hg. B, after quinidine, 46 mg./kg. infused in 23 minutes: 


Unchanged (? slightly increased ) tolerance to digoxin following infusion 
A, control (lead II), blood pressure 122/102 mm. 


note sinoatrial 


slowing with slight increase of QRS width. C, after digoxin 0.288 mg./kg. 


infused in 100 minutes: A-V dissociation. 
infused in 113 minutes: ventricular tachycardia. 


D, after digoxin 0.321 mg./kg. 
E, after digoxin 0.346 mg./ 


kg. infused in 120 minutes: ventricular fibrillation. 


cardiographic changes attributable to quinidine 
were observed, the only significant changes 
noted were a mild acidosis with a reduction in 
the CO, combining power (Table I). 

Group Receiving Quinidine Prior to the Digoxin 
Bioassay (Group IIT): At the end of the infusion 
of quinidine, changes similar to those reported 
for group II were noted. Terminally, as the 
infusion of digoxin produced ventricular fibril- 
lation or standstill, elevation of the serum po- 
tassium was observed along with metabolic 
acidosis (Table I). The failure of the serum 
chloride to rise coincident with the development 
of metabolic acidosis may reflect the dilution 
factor of two consecutive infusions. 


QUINIDINE BLOOD LEVELS AND 
TOTAL QUINIDINE DOSAGE 


In both group II and group III, quinidine 
hydrochloride, 20 to 60 mg. per kg., was 
infused at a rate of 1 to 2 mg. per kg. per 
minute. Plasma quinidine levels ranged from 
3.2 to 6.2 mg. per L. Since the bioassay of 
digoxin consumes approximately 100 minutes, 
the amount of quinidine administered had to 
be sufficiently less than the lethal dose so the 
animals would survive for at least 150 minutes 


in order to avoid confusing the measurable 
end point of tolerance to digoxin (the lethal 
dose). If larger amounts of quinidine had 
been infused to obtain higher quinidine blood 
levels, the nephrectomized animal would have 
experienced ventricular standstill or fibrilla- 
tion in a shorter period of time. Conclusions 
regarding the influence of quinidine on a 
standard digitalis tolerance test might therefore 
be more difficult, since it could be argued that 
the animals died from quinidine rather than 
digitalis poisoning. In the dog quinidine in 
an average dose of 40 mg. per kg. gives a 
survival time in excess of 155 minutes. 


BLOOD PRESSURE 


There was a significant decrease in arterial 
pressure in all animals receiving quinidine. 
Those animals that received quinidine and 
became hypotensive before the digoxin bio- 
assay (group III) never subsequently attained 
the pressure levels comparable to the control 
readings. In group I the arterial pressure 
was well maintained even after the onset of 
severe arrhythmias. The observation .that 
the blood pressure is maintained has been 
reported previously in the experimental animal.” 
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TABLE I 
Potas- CO, Com- 
Time Sequence for Blood Samples (ate A ) sium Poy ) bining Power — 
(mEq./L.) mEq./L. (mEq./L.) P 
Group I 
Control digoxin bioassay 
Control period 148.0 3.93 110.0 19.0 7.40 
At end of digoxin infusion 140.0 6.36 115.0 16.0 7.04 
(death) 
Group IT 
Quinidine control 
Control period 149.4 3.93 110.0 19.5 7.40 
At end of quinidine infusion 145.7 4.00 117.0 12.6 7.29 
Group IIT 
Quinidine infused prior to digoxin 
bioassay 
Control period 146.0 3.80 112.0 19.0 7.35 
At end of quinidine infusion 141.0 3.61 117.0 16.0 7.19 
At end of digoxin infusion 138.0 6.20 106.0 15.0 7.03 
(death) 


ELECTROCARDIOGRAPHIC CHANGES 


The first sign interpreted as indicative of 
digitalis intoxication in the control animals 
was observed after a fairly large percentage of 
the lethal dose had been given (48 to 88 per 
cent of the total digoxin dosage) (Table IJ). 
This too has been previously noted.4-15 A-V 
dissociation, interference dissociation, and first 
degree heart block were interpreted as the 
initial manifestations of digitalis intoxication. 
This was followed by progressively increasing 
A-V conduction defects, multifocal premature 
ventricular contractions, ventricular tachy- 
cardia (usually bidirectional) and either ven- 
tricular fibrillation or ventricular standstill. 

In group II, an increase in intraventricular 
conduction (more than 25 per cent of the control 
duration of the QRS complex), associated with 
slowing of impulse formation in the sinoatrial 
node was observed at the termination of the 
infusion of quinidine. All animals remained in 
normal sinus rhythm with a gradual decrease 
in the intraventricular conduction delay until 
‘erminally when either ventricular fibrillation 
or standstill developed suddenly in three of 
the animals. 

In group III, arrhythmias were observed in 
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three of the animals early in the course of the 
infusion of digoxin (30 to 37 per cent of the 
lethal dose). A-V dissociation, nodal extra- 
systoles, nodal rhythm with heart block and 
sinoauricular arrest with a slow A-V_ nodal 
rhythm were the initial manifestations of digi- 
talis intoxication. In none of the animals 
in group III was there a delay in the onset of 
an ectopic rhythm induced by digoxin as an 
initial sign of digitalis toxicity. ‘The progression 
of arrhythmias appeared to be similar in both 
groups I and III, with A-V dissociation, first 
and second degree heart block, nodal tachy- 
cardia, multifocal premature ventricular con- 
tractions and ventricular tachycardia followed 
by ventricular fibrillation or standstill. How- 
ever, certain important differences were ob- 
served. Sinoatrial arrest and paroxysmal nodal 
rhythms occurred only in group III as the first 
sign of digitalis toxicity and a very slow idio- 
ventricular rhythm was noted as a late sign of 
digitalis intoxication in group III only. 


EFFECT OF QUINIDINE ON LETHAL 
DOSE OF DIGOXIN 

Using a modification of the Magnus, Hatcher- 
Brody method of bioassay,'® a mean of 0.293 


»* 
~ 
she 


TABLE II 
Relationship Between Electrocardiographic Changes and Per Cent Lethal Dose of Digoxin 
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Dog 
No. 


Digoxin 


mg./kg. 


Total 
mg. 


Total 


Quinidine 
(mg./kg.) 


Time of 
Infusion 
(min.) 


First Signs 
of Digitalis 
Toxicity 


% of 
Lethal 
Dose 
Digoxin 


Progressive Electrocardiographic Signs 


Group I 


> 


10 


Averages 


o o © 


.340 


. 288 


. 267 


oF 


93 


116 


93 


117 


93 


100 


93 


105 


103 


First degree 
heart block 

First degree 
heart block 

First degree 
heart block 

A-V dissocia- 
tion with 
nodal 
rhythm 

A-V dissocia- 
tion 


First degree 
heart block 


Interference 
dissociation 
First degree 


heart block 


Interference 
dissociation 


Interference 
dissociation 


88 


80 


78 


48 


70 


58 


48 


64 


60 


66 


Multifocal premature, ventricular contractions (97%); ven- 
tricular tachycardia (98%); ventricular standstill (100%) 

First and second degree heart block (91%); ventricular 
standstill (100%) 

Second degree heart block with short runs of ventricular 
tachycardia (89%); ventricular standstill (100%) 

A-V dissociation with nodal rhythm and multifocal pre- 
mature ventricular contractions (61%); ventricular 
tachycardia (67%); bidirectional ventricular tachycardia 
(77%); ventricular fibrillation (100%) 

A-V dissociation with multifocal premature ventricular con- 
tractions (85%); bidirectional ventricular tachycardia 
(95%); ventricular flutter (99%); ventricular fibrilla- 
tion (100%) 

First and second degree heart block (60%); A-V dissocia- 

multifocal ventricular contractions (69%); 


tion (64%); 
"oem tachycardia (75%); ventricular standstill 


(100% 
A-V , with two apparent separate pacemakers 
(60%); ventricular tachycardia (73%); ventricular 


fibrillation (100%) 

A-V dissociation (75%); unidirectional ventricular tachy- 
canes (81%); bidirectional ventricular tachycardia 
(84%); ventricular flutter (99%); ventricular fibrillation 
(100%) 

Multifocal premature ventricular contractions (78%); uni- 
directional ventricular tachycardia (82%); bidirectional 
ventricular tachycardia (90%) ; ventricular flutter (99%) ; 
ventricular fibrillation (100%) 

A-V dissociation (74%); multifocal premature ventricular 
contractions (76%); ventricular tachycardia (86%); 
ventricular fibrillation (100%) 


14 


. Average 


28.0 


60.0 


Remained in normal sinus rhythm with P-R interval meas- 
uring 0.10 second and QRS width of 0.04 second for 180 
minutes; then sudden ventricular fibrillation 

Remained ip normal sinus rhythm with P-R interval of 0.11 
second and QRS width of 0.04 second; lived, observed 
for 4 hours 

Remained in normal sinus rhythm with P-R interval of 0.14 
second and QRS width of 0.06 second; episodes of sinus 
arrest developed in 155 minutes; died of ventricular 
standstill at 160 minutes 

Remained in normal sinus.rhythm with P-R interval of 0.10 

second and QRS width of 0.06 second for 160 minutes; 

died of sudden ventricular fibrillation 


Group II 


16 
17 


20 


21 


Averages 


Paroxysmal 30 A-V dissociation (64%); A-V dissociation with ventricular 
nodal extrasystoles (72%); ventricular tachycardia (96%); 
rhythm ventricular fibrillation (100%) 
with first 
degree 
heart block 
0.242 0.99 52 84 A-V dissocia- 87 ae cane rhythm (92%); ventricular standstill 
tion 10 

0.211 1.77 24 73 A-V dissocia- 81 Multifocal premature ventricular contractions (82%); ven- 

tion ae tachycardia (85%); ventricular fibrillation 
0%) 

0.288 0.92 26 100 Transient 77 Multifocal premature ventricular contractions, first degree 
nodal heart block (85%); first and second degree heart block 
rhythm (87%); first and second degree heart block, multifocal 

premature ventricular contractions (90%); ventricular 
tachycardia (98%); ventricular standstill (100%) 

0.203 0.92 20 78 Auricular ar- 37 Slow idioventricular rhythm (76%); ventricular standstill 
rest with (100%) 
slow nodal 
rhythm 

0.346 1.90 46 120 A-V dissocia- 37 Back to normal sinus rhythm (62%); A-V dissociation 
tion (83%); nodal rhythm with auricular arrest (94%); ven- 

(100%) tachycardia (97%); ventricular fibrillation 
00% 
0.367 2.16 54 127 Nodal extra- 78 A-V dissociation and ventricular premature contractions 
systole (82%); A-V dissociation with two nodal pacemakers 
(84%); paroxysmal unidirectional ventricular tachy- 
cardia separated by periods of asystole (95%); bidirec- 
tional tachycardia (99%); ventricular fibrillation (100%) 
0.275 | 96.4 
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mg. of digoxin per kg. proved to be the lethal 
dose in group I (Table II). The average time 
of infusion in the control group was 101.7 
minutes with a range of 93 to 117 minutes. 
In group III the mean lethal dose was 0.275 
mg. of digoxin per kg. The average time of 
infusion was 96.4 minutes with a range of 73 
to 127 minutes. 

The priming infusion of quinidine had an 
inconsistent effect on the tolerance of the ex- 
perimental animal to digoxin. In three of the 
dogs (No. 16, 17 and 19) there was a significant 
decrease in digoxin tolerance with values of 
eighty-four, seventy-three and seventy-eight 
minutes. In dogs 20 and 21 there was a slight 
increase in tolerance to digoxin with values of 120 
and 127 minutes. The progression of ar- 
rhythmias, however, appeared to be similar for 
the most part in both the digoxin control group 
and in the group that received quinidine before 
the digoxin bioassay. In the three animals 
that showed decreased tolerance to digoxin, one 
(No. 17) showed a characteristic progression 
of electrocardiographic changes associated with 
digitalis cardiotoxicity, in one (No. 16) a slow 
idioventricular rhythm developed terminally 
following A-V dissociation and the third ani- 
mal (No. 19) showed sinoauricular arrest with a 
slow nodal rhythm as the initial electrocardio- 
graphic sign of digitalis intoxication. 


COMMENTS 


The biochemical, pharmacologic and physio- 
logic effects of both quinidine and digitalis 
have been thoroughly studied. The action of 
both drugs on the refractory period and con- 
duction of cardiac muscle, intracellular elec- 
trolytes, cardiac innervation, ventricular autom- 
aticity and excitability are well known.!7—?° 
The effect of combined or consecutive therapy 
with both drugs is less clearly understood, 
however. 

Jackson and his co-workers”! demonstrated 
that certain cardiac irregularities induced by 
digitoxin in dogs disappeared after quinidine. 
Utilizing the frog’s heart with the Straub tech- 
nic, Cattell”? showed that if quinidine was 
given initially there was a 66 per cent increase 
in the amount of digitalis necessary to decrease 
ly 50 per cent the amplitude of myocardial 
contractions. However, soon after, Weiss and 
ltatcher?* failed to demonstrate any synergism 
or antagonism between quinidine and ouabain 
in terms of the lethal dose of ouabain in acute 
experiments utilizing cats. In an experiment 
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based solely on blood pressure determination, 
Haskell™ concluded that in dogs quinidine 
exerted a favorable action on abnormal rhythms 
produced by digitalis. 

It remained for Gold and his co-workers”®:?* 
to elucidate more clearly some of the inter- 
relationships between digitalis and quinidine. 
Utilizing the unanesthetized dog, digitalis was 
infused until ventricular tachycardia devel- 
oped. Quinidine sulfate was then adminis- 
tered. While quinidine was noted to abolish 
the ventricular tachycardia in some of the 
animals, in others auricular standstill was 
produced, resulting in cardiac arrest. Doses 
of quinidine that were normally harmless to the 
unanesthetized dog, resulted in several instances 
in the death of those dogs poisoned with digitalis. 
It was concluded that the auricle and sino- 
auricular node, poisoned with digitalis, de- 
veloped such sensitivity to depression by quini- 
dine that normally well-tolerated doses of 
quinidine produced sinoatrial and auricular 
standstill. It appeared that while quinidine 
occasionally produced desirable effects by 
abolishing ventricular tachycardia induced by 
digitalis the difficulty in predicting the results 
of quinidine therapy made its use in digitalis 
toxicity extremely hazardous. 

In a further study reported in 1934,”¢ digitalis 
was given to the point of sinus slowing and 
varying degrees of atrioventricular block. This 
was interpreted as representing marked vagal 
effects of digitalis. Quinidine sulfate was then 
infused. No synergism was observed between 
the vagal effect of digitalis and the direct effect 
of quinidine on the auricle and A-V node 
(slowing of conduction and increase of the 
refractory period). Rather, it was noted that 
the A-V block frequently disappeared with 
acceleration of both the auricles and ventricles 
with abolition of dropped beats. This was 
thought to be the result of reflex inhibition of 
the vagus. However, in three of the seven 
digitalized dogs, quinidine in total doses of 17, 
32 and 35 mg. per kg. produced ventricular 
tachycardia, an arrhythmia rarely observed in 
the normal unanesthetized dog with comparable 
amounts of quinidine. 

Following these experiments, caution was 
advised in the combined use of the two drugs. 
It was apparent, however, that the simultaneous 
use of both drugs posed several unanswered 
questions.!”_ First, were the actions of digitalis 
and quinidine so independent that combined 
therapy would not produce undesired and un- 
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anticipated effects? Second, were there antag- 
onistic or synergistic actions that might give 
additive or suboptimal effects? 

Work by Weisman” suggested that lanatoside 
C and quinidine were not synergistic and that 
the pharmacologic effect on the heart appeared 
more favorable when both drugs were adminis- 
tered together rather than when digitalis was 
given first. Several clinical studies, however, 
emphasized Gold’s work on the potential haz- 
ard of both drugs. In a series of forty-four 
arrhythmias** treated with intravenous quini- 
dine lactate, death occurred in two patients 
with ectopic rhythms as a manifestation of 
digitalis intoxication. Almost 50 per cent of 
the patients that failed to respond to intravenous 
quinidine were receiving digitalis. Additional 
studies of quinidine therapy in digitalis intoxi- 
cation demonstrated inconsistent and incon- 
clusive findings with both favorable and un- 
favorable results.?°—® 

A study on the combined effects of both drugs 
on myocardial contraction® suggested that 
ouabain could counteract the myocardial de- 
pressant action of quinidine sulfate. With 
the addition of quinidine sulfate there was, 
however, no effect on the lethal dose of ouabain 
in the isolated heart. 

Recent clinical reviews on the subject of 
digitalis intoxication have either failed to 
mention quinidine therapy altogether or have 
mentioned it only in passing.'—'° Procaine 
amide, a drug similar to quinidine in many 
of its pharmacologic actions, has been reported 
to be of value in arrhythmias resulting from 
digitalis toxicity. However, experimental evi- 
dence**5 has accumulated to the effect that 
procaine amide administered to dogs poisoned 
with digitalis produced more marked disturb- 
ances in intraventricular conduction and con- 
tributed to the premature appearance of severe 
ventricular arrhythmias. 

While the effect of quinidine and digitalis 
on intracellular electrolytes is not precisely 
known there is a suggestion of antagonism on 
the cellular level.*” There is some evidence 
that digitalis results in the egress of potassium 
from the cell, although this may occur only at 
toxic levels.*:*6 Blackmon et al.** suggest that 
the state of intracellular potassium (bound or 
ionic) rather than the concentration accounts 
for the magnitude of digitalis toxicity. Quini- 
dine, on the other hand, by stabilizing the cell 
membrane results in potassium retention. The 
relationship between quinidine inhibition of 


the cellular uptake of glucose and fructose*® and 
the re-entry of potassium into the cardiac cell is 
unknown. One might speculate that by this 
mechanism quinidine might have an adverse 
effect on a heart poisoned by digitalis. 

In our acute experiments on animals the 
inconsistent action of combined therapy (using 
the lethal dose of digoxin) with the two anti- 
fibrillatory agents has been demonstrated. 
With a priming infusion of quinidine, the aver- 
age total amount of digoxin necessary to produce 
either ventricular fibrillation or ventricular 
standstill appears to be unchanged when com- 
pared to a control group. Certain important 
differences were noted, however. In three of 
the animals treated with quinidine a decided 
decrease in the lethal dose of digoxin was noted. 
Serious ectopic rhythms induced by digitalis 
were observed earlier (per cent lethal dose 
digoxin) in these animals than in the control 
group. 

It would appear from these experimental 
data, therefore, that the use of quinidine in the 
treatment or prevention of arrhythmias induced 
by digitalis is unpredictable and may indeed be 
hazardous. 


SUMMARY 


The infusion of quinidine hydrochloride does 
not significantly alter the mean lethal dose of 
digoxin in acute experiments in animals. 

In some dogs a reduction in tolerance to 
digoxin was observed with the sudden develop- 
ment of slow idioventricular rhythms and sino- 
atrial arrest. 

These data in acute experiments in the dog 
would appear to illustrate the potential danger 
of quinidine therapy for digitalis intoxication, 
and the failure of quinidine to protect against 
ectopic rhythms induced by digitalis. 


ACKNOWLEDGMENT 


We wish to express our appreciation to Dr. Samuel A. 
Weisman of Los Angeles, California, for reviewing this 
paper and for his valuable suggestions. 


REFERENCES 


1. Burwett, W. B. and Henprix, J. P. Digitalis 
poisoning. Am. J. Med., 8: 640, 1950. 

2. Conen, B. M. Medical progress; Digitalis poison- 
ing and its treatment. New England J. Med., 246: 
225, 1952; 246: 254, 1952. 

3. Croucn, R. B., HERRMANN, G. R. and HEJTMANCIK, 
M. R. Digitalis intoxication. Texas J. Med., 
52: 714, 1956. 

4. DeGrarr, A.C. Digitalis intoxication. Circulation, 
9: 115, 1954. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


at 
Na 
‘ 
4 
} 
ay dike, 
AU 
Se 


13. 


14. 


15. 


16. 


. SHracer, M. W. Digitalis intoxication. 


17. 
18. 


19. 


20. 


21. 


22. 


APRIL 1960 


. FLtaxMan, N. Digitoxin poisoning: a report of 30 


cases. Am. J. M. Sc., 216: 179, 1948. 


. Grurrra, L. J. and Twenc,H.L. Someclinical as- 


pects of digitalis intoxication. New York J. Med., 


52: 581, 1952. 


. Lown, B. and Levine, S. A. Medical progress; 


current concepts in digitalis therapy. New Eng- 
land J. Med., 250:771, 818, 866, 1954. 


. Lown, B. Digitalis and potassium. Advances Int. 


Med., 8: 125, 1956. 


. SAGALL, E. L. and Wotrr, L. Digitalis bigeminy: 


an analysis of 50 cases. New England J. Med., 240: 


676, 1949. 
Arch. Int. 


Med., 100: 881, 1957. 


. Ropensky, P. L. and Wasserman, F. The bio- 


assay of digoxin. Unpublished data. 


. Bropie, B. and UpENnrriENpD, S. The estimation of 


quinine in human plasma with a note on the esti- 
mation of quinidine. J. Pharmacol. @ Exper. 
Therap., 78: 154, 1943. 

Repicx, T. F. and McLarn, P. L. Blood pressure 
response to digitoxin in cats. Fed. Proc., 18: 
125, 1959. 

Brrcuer, R. P. and Jassur, S. J. Toxic effects of 
cardiac glycosi jes and antidotal effects of different 
compounds in the cat. Fed. Proc., 16: 282, 1957. 

Faran, A. and Margesu, G. Determination of the 
therapeutic, irregularity and lethal doses of car- 
diac glycosides in the heart-lung preparation of 
the dog. J. Pharmacol. G Exper. Therap., 92:32, 
1948. 

Burn, J. H., Finney, D. J. and Goopwin, L. G. 
Biological Standardization, 2nd ed., p. 298. 
Oxford, 1950. Oxford University Press. 

Gotp, H. Quinidine in Disorders of the Heart. 
New York, 1950. Paul B. Hoeber, Inc. 

Be..tet, S. Clinical Disorders of the Heart Beat, 
p. 318. Philadelphia, 1953. Lea and Febiger. 
Best, C. H. and Taytor, N. B. The Physiological 
Basis of Medical Practice, 6th ed., p. 236. Balti- 

more, 1955. Williams & Wilkins Co. 

Goopman, L. S. and Gitman, The Pharmaco- 
logical Basis of Therapeutics, 2nd ed., p. 668. 
New York, 1955. Macmillan Co. 

Jackson, D. E., FRrEDLANDER, A. and LAWRENCE, 
J. V. An experimental investigation of the 
pharmacological action of quinidine. J. Lab. @ 
Clin. Med., 7: 311, 1922. 

CatTELL, M. Observations on the action of digi- 
talis on the frog heart and its modification by 
quinidine. J. Pharmacol. G& Exper. Therap., 27: 
287, 1926. 


. Wetss, S. and Harcuer, R. A. Studies on quini- 


dine. J. Pharmacol. G Exper. Therap., 30: 335, 


1927. 


. Hasxett, C. C. The influence of quinidine on the 


cardiac irregularity produced by digitalis. J. 
Pharmacol. & Exper. Therap., 32: 223, 1928. 


Effect of Quinidine on Tolerance to Digoxin 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


505 


H., W. and Price, L, Combined 
actions of quinidine and digitalis on the heart. 
Arch. Int. Med., 50: 766, 1932. 

Kwit, N. T. and Gotp, H. Further experimental 
observations on the combined effects of digitalis 
and quinidine on the heart. J. Pharmaccl. @ 
Exper. Therap., 50: 180, 1934. 

Welsman, S. A. Studies on combined effects of 
Cedilanid and quinidine. Am. Heart J., 37: 
685, 1949 (Abstr. ). 

Acterno, L. J. and Gusner, R. Utility and limita- 
tions of intravenous quinidine in arrhythmias. 
Am. Heart J., 41: 733, 1951. 

Goutegy, B. A. and Sotorr, L. The use of quini- 
dine in the treatment of arrhythmias and tachy- 
cardias caused by digitalis intoxication. Am. 
Heart J., 16: 561, 1938, 

Mosey, L. and Tyter, M. D. The effect of di- 
phenylhydantoin sodium (Dilantin), procaine 
hydrochloride, procaine amide hydrochloride and 
quinidine hydrochloride upon ouabain-induced 
ventricular tachycardia in unanesthetized dogs. 
Circulation, 10: 65, 1954. 

FREUNDLICH, J. Paroxysmal ventricular tachy- 
cardia. Am. Heart J., 31: 557, 1946. 

Currens, J. H. and Wooparp, R. C. Ventricular 
tachycardia with electrical alternans resulting 
from digitalis excess. Ann. Int. Med., 26: 120, 
1947. 

Fawaz, G. Effect of quinidine, procaine amide 
and mersalyl on lethal dose of ouabain in isolated 
dog heart. Proc. Soc. Exper. Biol. @ Med., 88: 
654, 1955. 

Go.psere, L. I. and Corren, M. peV. Effective- 
ness of procaine amide in digitalis-induced ven- 
tricular tachycardia. Proc. Soc. Exper. Biol. & 
Med., 77: 741, 1951. 

ZAPATA-D1az, J., CABRERA, E. and MeEnpez, R. 
An experimental and clinical study on the effects 
of procaine amide (Pronestyl) on the heart. Am. 
Heart J., 43: 854, 1952. 

Straus, H. Pharmacology of cardiac glycosides. 
Am. J. Cardiol., 3: 776, 1959. 

GERTLER, M. M., Kream, J., Hytin, J. W., Ropin- 
son, H. and Nerpie, E. G. Effect of digitoxin 
and quinidine on intracellular electrolytes of the 
rabbit heart. Proc. Soc, Exper. Biol. @ Med., 92: 
629, 1956. 

Biacxmon, J. R., Gitiespre, L., Berne, R. M. and 
Hewrerstein, H.K. The effect of digitalis glyco- 
sides on the electrolyte balance of the myocardium: 
alteration of these effects by glucose and insulin 
and potassium chloride. J. Lab. & Clin. Med., 
48: 784, 1956. 

E.ts, H. A., Caputro, R. and Furman, R. H. 
Metabolic properties of quinidine; effects of 
quinidine sulfate on anaerobic carbohydrate me- 
tabolism of rat diaphragm. Proc. Soc. Exper. Biol. 
& Med., 93: 189, 1956. 


|| 
7 
|_| 
= 
= 
= 
= 
= 
= 
oe 
ve 
= 
| 
4 


New Method 


The Electrocardiogram During Exercise” 
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HE PRESENT study was undertaken to 

develop a method for the monitoring and 
satisfactory recording of the electrocardiogram 
during active flight conditions. It has subse- 
quently been expanded to permit registration 
of the electrocardiogram during varying degrees 
of exercise in healthy subjects and in patients 
with heart disease. 

Interest in the effects of exercise on the elec- 
trocardiogram has stemmed from two sources. 
In the first, a method was sought to uncover 
abnormalities which would not be present in 
the resting tracings but would reveal themselves 
under stress. Most commonly, this stress 
consisted of a standardized amount of exercise 
such as that proposed by Master and others,'!~® 
following which electrocardiograms were taken 
at fixed time intervals. While the main pur- 
pose of these tests has been to uncover coronary 
artery disease, they have also been used to 
evaluate the effects of acute infectious dis- 
eases,’—"' drugs and nervous regulatory effects 
upon the myocardium.”:* In some cases 
similar technics have been used to evaluate the 
amount of cardiac stress imposed by various 
industrial activities.'*:!® 

The second source of interest in the effect 
of exercise arises from the necessity, under 
certain circumstances, of monitoring supposedly 
normal persons exposed to environmental 
extremes and is being applied in aeronautics 
and space medicine where extremes of altitude 
and associated alterations in atmospheric pres- 
sure, gravity and acceleration are encountered.!® 
In this instance it is necessary to record the 
electrocardiogram during the actual perform- 


ance of physical activity, rather than at a period 
of time removed from the stressful conditions. 


SuBJECTs, MATERIALS AND METHODS 


Subjects: ‘The subjects comprised twenty-seven 
normal men with a varied body build equally dis- 
tributed between hyposthenic, sthenic and hyper- 
sthenic. All had a normal twelve-lead resting electro- 
cardiogram and no known cardiovascular disease. 

Fourteen patients with abnormal resting twelve- 
lead electrocardiograms included five patients with 
bundle branch block (either right or left in type), three 
with first degree heart block, four with abnormal 
rhythms, including auricular fibrillation and ventric- 
ular premature contractions, and three with S-T seg- 
ment and T wave changes in the’ standard and left 
precordial leads. 

Materials: (1) The electrodes were made of stain- 
less steel mesh 0.0055 inch in thickness and 0.5 inch 
in diameter. (2) Microhm electrode jelly{ was em- 
ployed to counteract the initial skin resistance. (3) 
Bentonite electrode compound§ was used to maintain 
low resistance electrode-to-skin contact for prolonged 
periods of time. (4) Plastic tape'' which had pre- 
viously been painted with tincture of benzoin was ap- 
plied to hold the electrodes to the skin. (5) The re- 
cording assembly consisted of a plug board with mul- 
tiple inputs, a two-channel magnetic tape recorder** 
and a two-channel paper recorder.t{¢ The input 
signal was monitored on a high gain oscilloscope. tt 

Methods: Fifteen normal subjects were seated with 

t Beck-Lee Corp., Chicago, Illinois. 

§ Medcraft Electronic Corp., Chicago, Illinois. 

\! Available Curad Tape, Bauer and Black, Division of 
Kendal! Co., Chicago, Illinois. 

** Original Design, Airborne Instruments Laboratory, 
Mineola, New York. 

tt Brush Electronics No. BL 222, Cleveland, Ohio. 

tt Tektronix No. 532 with 53/54 D Preamplifier, Tek- 
tronix Inc., Portland, Oregon. 


* From the Department of Medicine, Memorial and James Ewing Hospital, the Section in Cardiology, Division 
of Clinical Investigation, Sloan-Kettering Institute for Cancer Research, and the Cornell University Medical 


College, New York, New York. 
Present address: 


Airborne Instruments Laboratory, Deer Park, New York. 


This research was supported in part by the U. S. Air Force under Contract AF 33(616)-5473 monitored by Aero 
Medical Laboratory, Directorate of Research, Wright Air Development Center, Wright-Patterson Air Force Base, Ohio. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


a 
4 
| 
ay 
~ 
wi 
Oe, 
4 
yes 
ger 
wat 
a 
Vi 


the electrodes attached in the manner to be de- 
scribed. After a control record the subject per- 
formed on command a series of nine movements dur- 
ing continuous monitoring of the electrocardiogram 
(Fig. 1). The electrocardiographic signal was re- 
corded on tape with oscilloscopic monitoring. Tirst, 
the tracing was analyzed with regard to the general 
shape of the electrocardiogram and the quality of 
the P, QRS and T waves. Second, the artefact 
present on the tracing was catalogued as to the 
presence and intensity of muscle tremor and _ base- 
line shift. On the basis of this analysis, the master 
taped electrocardiogram was replayed through filters 
with corner frequencies ranging between 10 and 100 
cycles/second. The alteration in the original tracing 
resulting from filtering was then evaluated. 

The fourteen patients with abnormal electro- 
cardiograms were similarly studied. Finally, elec- 
trocardiograms were obtained from twelve additional 
normal subjects while standing. These subjects, 
during continuous electrocardiographic monitor- 
ing, were then allowed to walk five feet. After 
a brief period of rest with control tracings they then 
climbed up and down the Master stairs slowly at 
first and finally as rapidly as they were able. 


RESULTS 


Electrodes and Skin Contact: It was necessary 
to design electrodes which gave constant skin- 
electrode contact during body movement. 
The standard electrodes which are convention- 
ally used for application to the extremities were 
tried. They proved unsatisfactory despite 
various methods of holding them to the skin, 
because of excessive baseline shift. 

Next, the */s inch diameter depression-cup 
electrodes were tested and these permitted the 
maintenance of a good skin-electrode contact 
during most of the standard body movements. 
Their principal disadvantage lay in the fact 
that they would not stay on for long periods of 
time and frequently had to be repositioned. 

We finally selected electrodes 0.5 inch in 
diameter made of stainless steel mesh, size 80. 
These electrodes proved to be the most satis- 
factory of those tested and eliminated any loss 
in electrocardiographic interpretability due to 
faulty skin-electrode contact. Their main ad- 
vantage was their extreme lightness, which 
eliminated mechanical stress on the agent 
holding them to the skin and their extreme 
flexibility during body movement. 

Position of Electrodes: The electrodes had to 
be placed so that little or no distortion by 
muscle noise appeared in the resultant electro- 
cardiogram, and yet, at the same time, easily 
measurable P, QRS and T waves could be 
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MOVEMENT 2 
SHOULDER, FORWARD 
ELEVATION TO HORIZONTAL 


MOVEMENT 1 
ELBOW, FLEXION 


MOVEMENT MOVEMENT 5 
SHOULDER, FOR- SHOULDER, LAT- SHOULDER, MEDIAL 
ELEVATION TO ERAL ROTATION ROTATION TO HORI- 
VERTICAL TO HORIZONTAL ZONTAL 


MOVEMENT 3 


“A MOVEMENT 9 
DORSOLUMBAR REGION, DORSOLUMBAR REGION, 
RIGHT-LATERAL FLEXION —_LEFT-LATERAL FLEXION 

Fic. 1. Nine standard body movements during exer- 
cise. 


recorded. The ideal electrode placement would 
be one recording an electromotive force paral- 
lel to the vectors of the P, QRS and T waves. 
It was found that the electrodes had to be placed 
on skin overlying an amuscular area of the 
body since the greater the amount of underly- 
ing muscle mass, the greater the recorded 
muscle noise. In addition, areas of great 
muscle mass resulted in appreciable skin 
electrode movement causing baseline shift. 
An extensive study of signals obtained with 
various electrode materials and positions showed 
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Fic. 2. Sites of electrode placement for lead system A 
(upper) and lead system B (lower). 


that a signal recorded from the sternum and 
the vertebral column resulted in a minimum of 
muscle noise and baseline shift. 

For most of the subjects tested, a bipolar lead 
system was suitable. In this system, one elec- 
trode was placed over the sternum at the 
manubrosternal junction. The second was 
attached over the vertebral column at the level 
of the lumbosacral junction, and the common 
electrode was put on the vertebral column at the 
level of T8 (Fig. 2). This is referred to as 
lead system A. A second lead system was found 
necessary for those individuals in whom the 
mean vectors were very horizontally directed 
(horizontal hearts). The electrodes were at- 
tached over the right and left mid-axillary lines, 
respectively, with the common electrode fixed 
over the vertebral column at the level of the 
lumbosacral junction. This is referred to as 
lead system B (Fig. 2). 

In Figure 3 the configuration of the tracing 
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Fic. 3. Tracing with lead system A compared with limb and precordial tracings 


on the same subject. 
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obtained with lead system A is compared with 
the conventional standard and precordial trac- 
ings from the same subject. The mean P, f oe aw 
QRS and T wave vectors are plotted in the — 
center. As would be expected, lead system 
A yields a tracing which is similar to leads 
II, aVF and 

In Figure 4, lead system B is similarly com- Directions of heart vectors 
pared with the conventional tracings and the 0 
vector forces are diagrammed. Here lead 
system B is comparable with leads I and Ve. 

Baseline Shift: This is caused by alterations 
in the skin-electrode contact and was mini- 
mized by proper skin preparation and electrode 
fixation. The skin resistance was minimized 
by cleaning the skin with ether followed by Lead aVe 
rubbing in of Microhm paste to the point . 4 
of erythema. Bentonite compound was applied 
between the electrode and the skin. The elec- 
trode was securely attached to the skin by tight 
adhesive tape. The lead wire was immobilized 
against the skin, to prevent it from exerting 


Lead Lead Vg 


Fic. 4. Tracing with lead system B compared with 
limb and precordial tracings on the same subject. 


traction on the electrode. With these pre- running up and down steps, baseline shifts 
cautions, no loss of electrocardiographic in- with amplitudes up to 1 mv. were encountered. 
terpretability due to baseline shift was encoun- It was found that these shifts could be reduced 


tered during standard body movements or _ by increasing the high-pass corner frequency 
with short term strenuous exercise when the _ of a 12 db/octave filter up to 0.8 c.p.s. without 
signal was monitored through a high-pass _ seriously distorting the electrocardiogram. 
filter with a corner frequency of 0.1 c.p.s. However, increasing the corner frequency be- 

During strenuous exercise of young subjects yond 0.8 c.p.s. produced marked distortions 


>| SEC 


CORNER FREQUENCY 0.9 CPS 


CORNER FREQUENCY 1.0 CPS 
22 
CORNER FREQUENCY 0.8 CPS CORNER FREQUENCY I0 CPS 


Fic. 5. Effect cf increased corner frequencies of a high-pass filter on a single 
taped signal. Note distortion of S-T segment and T wave with corner fre- 
quencies above 0.8 c.p.s. 
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Increase in muscle potential with the lifting of progressively heavier 


Fic. 6. 


CORNER FREQUENCY 100 CPS 


weights. 
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Note decrease in QRS voltage as interference is 
B, movement 5, left arm. 


frequency. 


Effect of filtering of a two taped signal through low-pass filter of de- 
A, movement 5, right arm. 
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02 SEC 


AT REST 
__O.1 TO 100 CPS BAND-PASS FILTER 


MOVEMENT | (RIGHT ARM) 


| 


still 


MOVEMENT 3 (LEFT ARM) 
Fic. 8. 


Electrocardiogram During Exercise 


MOVEMENT 5 (RIGHT ARM 


Electrocardiogram during standard exercise taken with lead system A. 


Unless otherwise noted, in Figures 8 and 10, recording band-pass filter is 0.1 


to 20 c.p.s. 


of the S-T segment and the T wave, seriously 
affecting the interpretability of the electrocardio- 
gram. ‘This distortion of the electrocardiogram 
is seen in Figure 5 in which the initial tape 
recording of the electrocardiogram is played 
through increasing corner frequencies of a 
high pass filter. At corner frequencies of 1 c.p.s. 
and greater, the S-T segment disappears and 
the originally upright T wave becomes diphasic. 

Filtering of Muscle Potentials and Interference: 
Muscle potentials and baseline shifts produced 
during moderate body movement can _ be 
minimized by filtering through a_ band-pass 
of 0.1 to 20 c.p.s. which results in a satisfactory, 
interpretable tracing. When the exercise be- 
comes more strenuous, the level of muscle po- 
tential may be expected to increase. Figure 6 
shows the increase in muscle potential observed 
with lifting of progressively heavier weights. 
The lead system utilized in this series consisted 
of one electrode over the right biceps brachii and 
a common electrode over the vertebral column 
at the level of the lumbosacral junction. It 
can be seen that there is a predominant in- 
crease in the higher frequency components 
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with some increase in the lower frequency 
components as well. 

In terms of interference with attenuation at 
various corner frequencies of a 12 db/octave 
low-pass filter, a particular body movement 
may produce muscle noise easily eliminated 
with a corner frequency of 20 c.p.s. The 
same body movement performed more stren- 
uously will result in muscle potential of greater 
amplitude which can be damped only with a 
low-pass filter with a corner frequency of at 
least 10 c.p.s. While the use of such a filter 
results in a tracing which is generally inter- 
pretable, there is moderate distortion of the 
P, QRS and T wave amplitudes. 

Figure 7 shows tracings from a subject per- 
forming movement 5 against a force of 15 
pounds with the right and then the left arm. 
The original signals were stored on magnetic 
tape and played back through low-pass filters 
of decreasing corner frequency. It can be 
seen that at a corner frequency of 10 c.p.s., 
interference has been virtually eliminated but 
there is marked reduction in the amplitude of 
the QRS wave. 
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: 
MOVEMENT 3 (LEFT ARM) MOVEMENT 7 
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MOVEMENT 3 (LEFT ARM) 


Electrocardiograms during standard exercise taken with lead system A. 


AT REST THROUGH ADDITIONAL FILTERING 
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Fic.10. Electrocardiograms during standard exercise taken with lead system A. 
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AT REST AT REST THROUGH ADDITIONAL FILTERING 
0.1 TO 100 CPS BAND-PASS FILTER 


= = 
==> >=: == = =F = == 


MOVEMENT | (RIGHT ARM) MOVEMENT 5 (RIGHT ARM) 


== =:i==: ===: i== 


== = = SS = 
= ==. === = SS SS 
= = + + + +—F = 
4 
=: — + — 
SSS —— — == 
= = = = 
= = == 
= = == 
= = = = = 
== = =< 
= = 


MOVEMENT 3 (LEFT ARM) MOVEMENT 7 
Fic. 11. Electrocardiograms during standard exercise taken with lead system B. 


Fic. 12. Comparison of electrocardiograms during exercise with and without 
filter. A, left bundle branch block, movement 3, right arm. B, incomplete 
right bundle branch block, movement 6, left leg. C, sinus tachycardia, move- 
ment 3, right arm. D, auricular fibrillation, movement 2, right arm. (©), 
0 to 80 c.p.s. band-pass filter. @, 0 to 20 c.p.s. band-pass filter. 
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TABLE I 
Levels of Interference Produced During Standard Body 
Movements* 
Muscle Potential Baseline Shift 
Body 
Movement Aver- Range Aver- Range 
age age 
(mv.) (mv.) (mv. ) (mv. ) 
Movement 1 
Right arm 0.03 | 0to 0.15 | 0.05 | 0 to 0.15 
Left arm 0.02 | 0to 0.10 | 0.04 | 0 to 0.20 
Movement 2 
Right arm 0.03 | 0to 0.15 | 0.05 | 0 to 0.25 
Left arm 0.02 | 0to 0.05 | 0.06 | 0 to 0.25 
Movement 3 
Right arm 0.06 | 0to 0.20 | 0.14 | 0 to 0.30 
Left arm 0.06 | 0to 0.20 | 0.09 | 0 to 0.25 
Movement 4 
Right arm 0.02 | 0to 0.15 | 0.07 | 0 to 0.20 
Left arm 0.01 | 0to 0.10 | 0.08 | 0 to 0.20 
Movement 5 
Right arm 0.15 | 0to 0.50 | 0.15 | 0 to 0.40 
Left arm 0.14 | 0 to 0.30 | 0.05 | 0 to 0.20 
Movement 6 
Right leg 0.05 | 0 to 0.20 | 0.06 | 0 to 0.20 
Left leg 0.03 | 0 to 0.05 | 0.06 | 0 to 0.15 
Movement 7 0.01 | 0to 0.10 | 0.20 | 0 to 0.30 
Movement 8 0.05 | 0to 0.20 | 0.11 | 0 to 0.30 
Movement 9 0.01 | 0 to 0.05 | 0.05 | 0 to 0.30 


* Pass band of 0.1 to 100 c.p.s. 


Figures 8 through 10 are electrocardiograms 
taken on four subjects with lead system A during 
six of the standard body movements, filtered 
through a band-pass of 0.1 to 20 c.p.s. The 
levels of interference observed in these figures 
are representative of the interference observed 
during all of the standard body movements. 

Figure 11 is a tracing taken during six of the 
standard body movements on a subject with a 
horizontal heart (horizontal vector) with lead 
system B. The recording is made through a 
band-pass filter of 0.1 to 20 c.p.s. 

Table I shows the level of interference pro- 
duced during standard body movements with 
all motions. The muscle potential interference 
evolved during most of the movements was of 
low amplitude and could be effectively elimi- 
nated by a low-pass filter with a corner fre- 
quency of 20 c.p.s. Body movement 5, however, 
produced muscle potential amplitude up to 
0.5 mv. The level of baseline shift listed in 
Table I did not affect the interpretability of 
the electrocardiograms obtained from the nor- 
mal subjects. Again, the largest amplitude 


observed from the normal electrocardiograms 
was produced with body movement 5. 

Interpretation of  Electrocardiographic Changes: 
Using the criteria for the postexercise electro- 
cardiographic test, S-T segment depression, 
T wave inversion and the development of bundle 
branch block could be due to ischemia. The 
S-T segment and the isoelectric line are easily 
identifiable on all tracings taken during exer- 
cise. Inversion of the TIT’ wave and bundle 
branch block are apparent during exercise 
in Figure 12 in which tracings from patients 
with proved left and right bundle branch block 
and with auricular fibrillation are shown. 
These tracings were recorded using lead system 
A. The effects of filtering are apparent. 
The specific criteria for ischemia applicable to 
these new lead systems are currently under 
study. 


SUMMARY 


A system is described for recording the 
electrocardiogram during exercise. This sys- 
tem involves the use of pliable stainless steel 
mesh electrodes, suitable electrode positioning, 
recording of the signal on magnetic tape and 
appropriate filtering. Through the use of 
these technics, a satisfactory electrocardio- 
graphic signal can be obtained during the 
physical exercises described. 
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Reviews 


An Approach to the Action of the Cardiac 
Glycosides at a Cellular Level’ 


Joun C. Krantz, JR., PH.D., F.A.c.c. and Jounson S. L. LING, PH.D. 


Baltimore, Maryland 


HERE are few drugs in the physician’s 
that have withstood the 
ever-increasing keenness of nearly two centuries 
of the pruning knife of time. Digitalis is one 
of these. The voice of the astute clinician, 
William Withering, rings clearly through the 
ever-lengthening past as he asserts, “It has a 
power over the motion of the heart, to a degree 
yet unobserved by any other medicine, and that 
this power may be converted to salutary ends.” 
Withering’s original directions for the use of 
digitalis were exacting, and prevail today, when 
he declared, “‘Let the medicine be continued 
until it acts on the kidneys, the stomach, the 
pulse, or the bowels: let it be stopped upon the 
appearance of any one of these effects.”’ 

For more than a century after the work of 
Withering, digitalis was believed to contain 
diuretic and cardiac principles. The diuretic 
principles were presumably extracted by water, 
and the infusion of digitalis was used in edema 
other than that of cardiac origin. The tincture 
containing a high alcoholic menstruum was 
used in arrhythmias. In 1911 the distinguished 
English clinician, Sir James Mackenzie, and 
the pharmacologist, A. R. Cushny, rediscovered 
the action of digitalis. They attached elec- 
trodes to the beating auricles of the heart of a 
dog. By means of a mild tetanizing current 
they disturbed auricular rhythm and produced 
a condition comparable to the clinical picture 
of auricular fibrillation. This disordered auric- 
ular rhythm affected the beat of the ventricles 
and their beat became rapid and less effective. 
Digitalis was given; the tetanizing current 
was continued. The auricles continued in 
their state of fibrillation, but the ventricles were 


no longer affected by the arrhythmia of the 
auricles. The ventricular beat was slowed and 
soon became more effective. Digitalis blocked 
the A-V node. 

The work of Mackenzie and Cushny stands 
alongside that of Withering in elucidating the 
action of digitalis. This experiment remains 
today as the centerpiece of our knowledge of the 
action of digitalis. However, we have woven a 
great deal of embroidery around this centerpiece 
in recent years. 


DiciTALis GLYCOCIDES 


The isolation of the glycosides from digitalis 
purpurea and digitalis lanata in a pure form 
made it possible to study the action of these 
substances on the heart as pure chemical enti- 
ties. The relationship between the leaf of 
digitalis and the glycosides obtained therefrom 
is shown in Table I. 

The full pharmacologic response to powdered 
digitalis leaf is elicited by its glycosides. Qual- 
itatively their actions are essentially the same; 
their quantitative responses are, however, 
different, and are manifested in the various 
recommended dosage levels. 


RESPONSE OF THE HEART TO DIGITALIS 


The primary action of digitalis is on the heart. 
Its action on the myocardium may be con- 
veniently divided into three components: (1) 
blocking of atrioventricular conduction, (2) 
increasing the contractility of the heart muscle, 
and (3) cardiac slowing, direct and through 
vagal stimulation. 

Depression of Atrioventricular Conduction: Digi- 
talis was observed first to diminish atrioven- 


* From the Department of Pharmacology, University of Maryland School of Medicine, Baltimore, Maryland. 
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TABLE I 


Interrelationship between Digitalis Purpurea and 
Digitalis Lanata Glycosides* 


Digitalis Lanata 
Native Glycosides 


Digitalis Purpurea 


Native Glycosides Glycosides 


Deacetyldigilanid A ——> Digitoxin Digilanid A 
(Lanatoside A) 

Deacetyldigilanid Gitoxin Digilanid B 
(Lanatoside B) 

Digilanid C 
(Lanatoside C) 


— Gitalin 
Digoxin 


Glycoside? 


* From: A. Schweiz. med. Wehnschr., 67: 855, 
1937.17 


tricular node conduction by Mackenzie in 1911. 
With Cushny he showed that after digitalization 
the impulses from the fibrillating auricles no 
longer reached the ventricles. Therefore, the 
drug produces a partial atrioventricular block. 
Just how the glycosides act on the A-V conduc- 
tion is not known. In 1937 Stroud and Vander 
Veer’ expressed the view that the glycosides 
unite with cholesterol in the cardiac cells, 
forming cholesterides, and exert their action in 
this form. Exchange of sodium and potassium 
ions in the myocardium effecting a more favor- 
able potassium ion concentration has been sug- 
gested as the possible mechanism of action.” 
More work is necessary before an adequate ex- 
planation of this response will be forthcoming. 
The glycosides of digitalis depress conduction 
in the heart. There is a lengthening of the 
refractory period in therapeutic doses. The 
diminished conductivity is most noticeable in 
the atrioventricular node. The effect of digi- 
talis on the refractory period of the different 
cardiac tissues is not uniform. In 1953 Méndez 
and Méndez" studied the effect of digitalis 
glycosides differentially on auricular tissue, 
auriculoventricular propagation tissue and ven- 
tricles in the heart of the dog. When the 
auricular tissue maintained its vagal inner- 
vation the glycosides decreased the refractory 
period of the auricles. The refractory period 
of auriculoventricular propagation increased 
progressively until the glycosides produced 
complete atrioventricular block. This is due 
to an action on the refractory period of the 
atrioventricular node. The refractory period 
of the ventricular muscle decreased under the 
influence of therapeutic levels of the glycosides. 
Toxic levels further decreased the refractory 
period until the ventricle was exposed to con- 
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Fic. 1. Effect of cardiotonic glycoside on the systolic 
force of mammalian heart muscle. (From: Catre 
M. and Gorp, H. J. Pharmacol. Exper. Therap., 
6: 116, 1938.*) 


centrations near those which initiate ventricular 
fibrillation. 

It is likely that the glycosides affect the 
“margin of safety’ of the atrioventricular con- 
duction tissue. There is probably a diminu- 
tion in the stimulus for propagation, i.e., the 
action potential. Further, the threshold to 
stimuli in the tissue ahead of the oncoming 
impulse may increase. Thus, impulses may 
die out in the atrioventricular conducting 
tissue and not reach the ventricles. In the 
toxic phase of atrioventricular block elicited by 
the glycosides, Méndez and Méndez suggested 
that the speed of conduction also diminishes 
markedly. 

Increased Contractility of the Heart: Digitalis 
increases the force of the systolic contraction in 
the dilated heart. The systolic shortening of the 
muscle fibers is greater and more prolonged. 
Hence the cardiac output is increased. Also, 
the ventricles fill more completely in diastole, 
increasing the force of ventricular systole by 
increasing the initial length of the muscle fibers. 

In 1933 Cattell and Gold*® answered the ques- 
tion of whether the increased contractility of 
the heart is produced directly or only indirectly 
through the action of digitalis on conduction and 
heart rate. They used the papillary muscle of 
the right ventricle of the cat’s heart. It was 
set up on an isometric lever and driven at a 
fixed rate. Its tension was measured photo- 
graphically. When the papillary muscle began 


to fail, ouabain, a cardiotonic glycoside, was 
added to the bath in concentrations which 
are available in therapeutics; 
small as 1 to 75 million. 
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Fic. 2. Schematic representation of the mechanism by which digitalis slows 


the ventricular rate in heart failure with auricular fibrillation. 


(From: 


Gotp, H. and Catrett, M. Arch. Int. Med., 65: 263, 1940.7) 


the drug the tension rose and remained in that 
state for several hours. Gold and Cattell’ 
stated that “no other chemical material is 
known which produces such definite and sus- 
tained increase in the systolic force of the 
mammalian heart muscle.” A typical effect 
is seen in Figure 1. It is concluded, therefore, 
that digitalis directly increases the force of 
contractility of the heart. 

In 1944 Krop" showed that epinephrine 
augments the systolic force of contraction of 
mammalian cardiac muscle. The xanthine 
bases such as theophylline are ineffective in 
this respect except in concentrations not at- 
tainable in therapeutics. 

In 1947 Wollenberger?® demonstrated the 
specificity of the cardiotonic glycoside ouabain 
for cardiac tissue by manometric measurement 
of the oxygen uptake in tissue slices. He noted 
that ouabain in concentrations 2 to 3 XK 107 
M increased the oxygen uptake of a guinea pig’s 
heart muscle in the presence of glucose or lac- 
tate. The maximal increase was 50 per cent. 
At higher concentrations a depression of oxygen 
consumption followed the increase. Among 
the various other tissues studied, brain alone 
responded similarly; however, it was only 20 
per cent as sensitive as cardiac muscle. 

Slowing of Cardiac Rate: ‘The third action of 
digitalis on the heart is the slowing of the cardiac 
rate. This action has at least two components, 
a direct effect on the heart muscle itself and a 
stimulation of the vagal center apparently 
mediated through the carotid sinus mechanism. 
In the same patient with heart failure the vagal 
and extravagal actions will depend on the dose 


of digitalis administered. Small doses produce 
cardiac slowing mainly by vagal action. This 
action of the drug is abolished by large doses of 
atropine. When the heart is digitalized and 
the optimal effect of the drug is produced, the 
extravagal slowing of the heart is as important 
a factor in the effect as the vagal action. The 
extravagal action is not abolished by atropine. 
Modell and associates showed that in patients 
with heart failure and auricular fibrillation 
receiving digitalis therapy, exercise would in- 
crease the pulse rate to 160 or 180 per minute 
if the slowing was vagal only. If the slowing 
was extravagal also, exercise seldom would 
accelerate the pulse above 100 per minute. The 
observation bespeaks the increase of the dose of 
digitalis in patients who have palpitation and 
dyspnea when active but are comfortable at rest. 

The vagal and extravagal effects of digitalis 
in cardiac slowing are shown in Figure 2. 


CHEMICAL CONSTITUTION AND 
MyocarpDIAL CONTRACTILE FORCE 


The cardiac glycosides of digitalis are typical 
glycosidal structures, i.e., upon hydrolysis 
they decompose into their genins or aglycones 
and split off their sugar molecules. Thus, 
digitoxin upon complete acid hydrolysis yields 
three molecules of digitoxose, a reducing mono- 
saccharide with the empiric formula CgH12O.. 
Stoll!” has shown that in the purpurea leaf digi- 
toxin exists as purpurea glycoside A which has 
an analogy in the lanata leaf, for lanatoside A 
is an acetyl derivative of purpurea glycoside A. 
Mild hydrolysis of lanatoside A yields acetic 
acid, converting it into purpurea glycoside A. 
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Enzymic hydrolysis of purpurea glycoside A 
yields glucose and digitoxin. This is shown in 
the following diagram: 


(1) Lanatoside A — by mild alkaline hydrol- 
ysis yields 
(2) Deacetyllanatoside A + acetic acid 
(purpurea glycoside A) — upon enzymic hydrolysis 
| yields 
+1 mole of glucose upon 
complete acid hydrolysis 
yields 
+ 3 moles of digitoxose 


(3) Digitoxin 


(4) Digitoxigenin 


The Genins or Aglycones: The genins of the 
cardiotonic glycosides are complex structures. 
There are only minor chemical differences 
among the various genins. This is shown in 
Table II using the formula of digitoxigenin as a 
pattern and the substituent hydroxyl groups at 
various positions. The hydroxyl group at 
position 3 may be either cis or trans to the 
carbon atom of the methyl group at position 10. 
It is generally trans. ‘The principal cardiotonic 
genins differ from each other by the stereochemi- 
cal relationship of the structure of the rings and 
in the number of hydroxyl groups attached to 
the rings. These changes modify the cardio- 
tonic activity quantitatively; the character of 
the response among the glycosides is essentially 
the same. For example, gitoxin with additional 
hydroxyl groups at positions 14 and 16 is 
from 40 to 60 per cent as active as digitoxin 
which has only the hydroxyl group at position 
14. The stereochemical isomerism of the rings 
is the same in each of these genins. 


TABLE II 


Chemical Formulas of the Genins of the Principal 
Cardiac Glycosides 


C-12 C-14 C-16 
Digitoxin OH 
Gitoxin 530 OH OH 
Gitalin OH OH 
Digoxin OH OH 

CH—-C=-O 
CH;| \CH.—O 
CH; 14 


Digitoxigenin 


APRIL 1960 


Unsaturated Lactones: ‘The unsaturated butyro- 
lactone group seen in the genin is necessary 
for cardiotonic activity. When the double 
bond is removed by reduction with hydrogen 


the typical digitoxin action is lost. This — 


unsaturated lactone linked to a favorable ring 
structure is essential for cardiotonic activity. 
Chen and associates® studied twenty-seven un- 
saturated lactones; angelica lactone similar in 
structure to the unsaturated lactone in digitoxin 
produced some semblance of digitoxin activity. 
It produced systolic standstill in the heart of the 
frog but not in the heart of the cat. The struc- 
ture of angelica lactone is shown in the following 


formula: 
H;C O 


8,y-angelica lactone 


Krayer and associates” studied the action of 
four unsaturated lactones on the isolated frog’s 
heart. Among these were §,y-angelica lac- 
tone and a,f-angelica lactone. They found 
that each of these substances increased the 
amplitude of contraction of the heart, which 
was followed by a period of diminished relaxa- 
tion of the ventricle that terminated in systolic 
standstill. The 6,y-angelica lactone was the 
more potent. 

Correlation of Structure and Pharmacologic Activity: 
Chen and Henderson,‘ continuing work in 
progress for many years, studied sixty-four digi- 
talis-like glycosides, aglycones and their deriv- 
atives on etherized cats. Their comprehen- 
sive studies provided some general statements 
with regard to the correlation of structure and 
pharmacologic activity. Some of these relating 
to digitoxin are of special interest. For exam- 
ple, the epimerization of C; in the genin mole- 
cule of digitoxin forming 3-epi-digitoxigenin 
destroys cardiac activity. The removal of 
the hydroxyl group at Cy, is accompanied by a 
loss in activity as shown in the glycoside resi- 
bufogenin. Among the glycosides studied with 
a five-membered lactone ring like digitoxin the 
order of activity generally followed the pattern: 
trioside< bioside< monoside>aglycone. 

Chen et al. found that the genins of several 
of the cardiotonic glycosides including digi- 
toxin qualitatively exhibited the same pharma- 
cologic action as the corresponding glycosides. 
Quantitatively, the genins were less powerful 
and showed a lesser degree of persistence in 
action than the unhydrolyzed glycosides. The 
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glycosides are distinguished also by a latent 
period before their action becomes manifest. 
Krayer® observed a qualitative difference, 
however, between the action of digitoxin and its 
genin on the dog’s heart. The genin produced 
an immediate and transient slowing of rate 
owing to central vagal stimulation. In equi- 
molar quantities digitoxin was devoid of this 
action under the experimental conditions. The 
effect was observable by cross circulation with 
an innervated heart-lung preparation. The 
compounds were administered to the blood 
supply of the central nervous system without 
their reaching the heart-lung circuit. 


GLYCOSIDAL ACTIVITY ON THE MYOCARDIUM 
AT A CELLULAR LEVEL 


It was stated previously and demonstrated by 
Cattell and Gold* that the glycosides of digitalis 
increase the contractile force of the heart. The 
glycosides increase the oxygen utilization of 
cardiac tissue in vitro. The action is dependent 
upon the intactness of the muscle fibers, for 
ouabain was found to be 100 times more active 
upon heart tissue slices than upon tissue ho- 
mogenates. Wollenberger”® demonstrated that 
the cytochrome system in cardiac tissue was not 
sensitive to ouabain. Other studies have shown 
that anaerobic glycolysis in cardiac tissue was 
not affected by the cardiac glycosides. The 
target enzyme system within the myocardium 
which appears to be involved in the activity of 
the cardiac glycosides is the adenosine triphos- 
phate (ATP)-ATPase system. Wollenberger’s 
studies™.2° indicate that the cardiac glycosides 
facilitate the utilization of ATP by the contrac- 
tile mechanism of the heart. 

Glycoside Effect on ATP-ATPase System: In 
states of cardiac deficiency there appears to be 
a diminished supply of ATP available for the 
contractile mechanism. If this is due to di- 
minished available energy for ATP synthesis, 
digitoxin, by increasing the oxygen uptake of 
the tissue, increases the available energy for 
this function. Studies by Read and Kelsey,%* 
using digitoxin, suggest that this cardiac glyco- 
side might enhance the contractile response of 
heart muscle at the expense of relaxation by 
activating the myokinase reaction (ADP — 
ATP). If the deficiency is due to accelerated 
breakdown of ATP owing to ATPase activity, 
digitoxin serves as an ATPase inactivator, 
thus sparing ATP."5 


Effect of Acetylcholine: Further, the cardiac 


slowing evoked by digitoxin is not dissimilar 
to that produced by acetylcholine, i.e., slowing 
of conduction and atrioventricular node delay. 
Also, intracellular potassium is released from the 
heart by each agent. The inhibition of cho- 
linesterase extends the action of acetylcholine. 
Proctor et al.!* demonstrated that digitoxin is 
capable of competing with cholinesterase and 
thus its effect upon conduction in the heart 
may involve this component. 

The involvement of acetylcholine in the muscu- 
lotropic action of the cardiac glycosides has 
cogent significance in light of recent work on 
its cellular metabolic activity. For example, 
Burn and associates** showed that formation 
of acetylcholine is closely associated with the 
maintenance of cardiac rhythm. They ob- 
served that acetylcholine will elicit beating in 
the isolated auricles of the rabbit when they 
have stopped functioning. Acetylcholine will 
also augment their rate and amplitude of beat. 
Furthermore, the activity of the isolated auricles 
parallels their power to acetylate choline. 

Holland and Burn showed that acetylcholine 
enhances the production of experimental atrial 
fibrillation, presumably by accelerating the 
return of potassium ions into the cells and there- 
by shortening the refractory period. Mazel 
and Holland” studied the distribution of acetyl- 
choline in the sinuses, atria and ventricles of 
the heart of the frog and turtle. The area 
of highest intrinsic rhythm (sinus) contained 
greater amounts of acetylcholine, true choline 
esterase, choline acetylase and sodium. Each 
of these concentrations was smaller in the areas 
of lower intrinsic rhythm. Of special interest 
is their observation that the Na+/K* ratio of 
the sinus was about twice that of the atria and 
about three times that of the ventricle. Evi- 
dence is accumulating from many sources to 
indicate the importance of acetylcholine as an 
essential cellular constituent of cardiac tissue 
affecting cationic exchange and rhythmicity. 

Other Enzyme Effects: ATPase and cholin- 
esterase are enzymes in which sulfhydryl groups 
appear to be critical. They are therefore 
sensitive to peroxides. The lactone group in 
digitoxin is capable of forming peroxides in the 
presence of molecular oxygen. Polarographic 
studies by Proctor et al.'® showed that digitoxin 
can take up oxygen from solution and form a 
corresponding peroxide. The peroxide formed 
was found to be a more potent inhibitor of 
ATPase and cholinesterase. Further evidence 
was lent to this hypothesis by the fact that 
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cysteine reversed the inhibition of ATPase by 
digitoxin under aerobic conditions. 

Another enzyme, ATP deaminase, which 
deaminates ATP, has been demonstrated in 
the rabbit’s heart. This enzyme could effect 
the balance of ATP synthesis and breakdown 
in the heart. Digitoxin was shown by Proctor 
et al. to inactivate ATP deaminase. 


CORRELATION OF IN VITRO AND IN VIVO 
STUDIES 


Although the work previously cited performed 
on isolated myocardial slices has served to 
elucidate the action of the cardiac glycosides at a 
cellular and enzyme level, much of it is difficult 
to correlate with studies on patients with con- 
gestive failure. The first difficulty encountered 
is the data accumulated from many sources that 
the oxygen consumption of the heart in con- 
gestive failure is nearly identical with that of 
the normal heart, namely, 9.1 ml./gm./min. 
Furthermore, the substrate utilization appears 
quite normal in congestive failure. Germane 
to this discussion is the work of Bing.' He 
used cardiac catheterization in patients with 
congestive heart failure. The administration 
of lanatoside C failed to evoke any significant 
changes in the myocardial utilization of oxygen 
or metabolic sources of energy such as glucose, 
pyruvate, lactate, fatty acids, ketone bodies or 
amino acids. One is therefore faced with the 
difficult problem of interpreting the in vitro 
studies with these findings in cardiac patients. 

It is strongly suggestive that the improvement 


of the performance of work of the human heart: 


elicited by the digitalis glycosides is due to an 
increase in liberation of intrinsic energy rather 
than to increased consumption of energy. 
Besides, the possibility remains that the glyco- 
sides may increase the efficiency of the con- 
version of chemical to mechanical energy 
through their action on the contraction of 
actomyosin threads. 


SUMMARY AND CONCLUSIONS 


The study of the action of the digitalis gly- 
cosides at a cellular and enzyme level has 
provided useful data regarding the mechanism 
of their action. It is not surprising that many 
of these data are conflicting when one con- 
siders the complexity of the problem and the 
difficulties in methodology. On the fundamen- 
tals there appears to be a consensus: first, that 
the contractile force of the failing heart is 
increased by the cardiac glycosides; second, 
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that acetylcholine activity and the release of 
potassium ions appear to be involved in the 
actions; and third, that there must be a greater 
utilization of energy. But whether this involves 
only a more efficient utilization of available 
intrinsic chemical energy to mechanical energy 
or an increase in oxygen consumption as well 
remains polemic. Further studies in vitro and 
in patients with heart disease in the future will 
likely resolve this problem. 
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The Toxicology of Digitalis’ 


ANDREW P. SoMLYO, M.D.T 


New York, New York 


HE recognition, prevention and treatment 
Te the toxic effects of cardiac glycosides 
constitute a major problem in clinical medicine 
today. Despite extensive studies published on 
the subject,!—® several aspects of the toxicology 
of digitalis deserve further attention. In this 
review, emphasis will be given to: (1) conditions 
which predispose to digitalis toxicity, (2) 
disorders in which the use of digitalis is con- 
troversial, (3) some of the more unusual harmful 
effects of digitalis and (4) recent advances in the 
treatment of digitalis toxicity. 


DicITALis ALLERGY 


True allergy to cardiac glycosides is exceed- 
ingly rare. Isolated eosinophilia, ranging up 
to 30 per cent, may be the only manifestation 
of the allergic state.”* A more dangerous 
hematologic reaction, thrombocytopenic pur- 
pura with bleeding manifestations, anemia and 
splenomegaly, has also been reported.® 

Cutaneous manifestations include scarlatiniform, 
papular and vescicular eruptions, urticaria, 
angioneurotic edema, purpura and _ bullous 
dermatitis.‘° Occasional patients may exhibit 
a positive skin test to digitalis,” but in the 
majority of cases no antibody to the drug could 
be demonstrated. Cross-sensitivity between 
purified glycosides from different plants may 
occur,! but some cases of allergy do not include 
all members of the digitalis group, and changing 
the preparation employed may permit continua- 
tion of therapy. When this measure is not 
effective, corticosteroids administered in con- 
junction with digitalis may be useful.!® 


EFFECTs 


Some undesirable effects of digitalis are 
neither allergic in nature nor can they be attrib- 
uted to any clear-cut pharmacologic effect 
of the drug. Anginal pain, considered to be due 


* From The Mount Sinai Hospital, New York, New York. 
1st (Columbia) Medical Division, Bellevue Hospital, New York, New York. 
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to the administration of digitalis, was observed 
in several patients by Fenn and Gilbert.” 
Subsequently, Gold and his associates,“ in a 
study of 120 cases of angina pectoris, were 
unable to find evidence that digitalis increases 
cardiac pain. However, it should be noted 
that none of the patients in the latter study 
showed evidence of congestive heart failure at 
the time of digitalization. The older literature 
was aptly summarized by Movitt'® who states: 
**There is no unanimity of opinion on the effect 
of digitalis on the coronary arteries.” Dearing 
and his co-workers,'* employing more refined 
experimental methods, demonstrated that digi- 
talis definitely diminishes coronary flow in dogs 
when given in toxic amounts, but the applica- 
bility of these findings to man is not established. 

Occasional instances of acute myocardial infarc- 
tion in patients undergoing initial digitalization 
for heart failure have been observed," but statis- 
tically significant data are not available to deter- 
mine the role of coincidence in these cases. 
Theoretically, the tendency of digitalis in 
therapeutic doses to increase the coagulability 
of blood in man'*:!® may also favor develop- 
ment of coronary thrombosis during the course 
of digitalization. However, the evidence avail- 
able at present does not indicate that digitalis 
has a significant adverse effect on the course of 
coronary artery disease. 

The relationship between gynecomastia and 
digitalis, although rare, is better established. 
LeWinn” described fourteen cases of painful, 
disc-like swelling of the breasts in men receiving 
digitalis. The swelling subsided when adminis- 
tration of the drug was discontinued, recurred 
when digitalis administration was resumed, and 
was not associated with severe hepatic dysfunc- 
tion or overt congestive heart failure. Others 
observed similar breast changes produced by 
digitalis therapy in both men and women.’ 
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DiciTAuis Toxicity 


PREDISPOSING FACTORS AND PREVENTION 


A rational plan in administering digitalis 
and familiarity with factors predisposing to 
sensitivity to cardiac glycosides will often prevent 
one from prescribing ‘‘more than enough” 
digitalis. Other than gross overdosage, errors 
in the method of administration of digitalis 
include single dose digitalization, increasing 
subsequent dosages rather than giving the 
largest dose first, and prescribing additional 
glycoside before the preceding dose has attained 
its maximal effect.” The cumulative effect of 
0.2 mg. daily maintenance dose of digitoxin also 
has frequently produced toxicity.*:?* 

Advanced age and advanced cardiac disease pre- 
dispose to increased susceptibility to digitalis.‘ :*° 
In the presence of severe impairment of the 
myocardium the therapeutic/toxic ratio of the 
drug may diminish to the point where digitalis 
can no longer be used effectively.2* Active 
myocarditis increases the susceptibility of the 
irritable myocardium to the toxic effects of 
digitalis,*:?” although good therapeutic results 
may be obtained with cautious use of the drug, 
both in rheumatic and other forms of active 
myocarditis.” 

Myocardial Infarction: After experimental 
coronary artery ligation in dogs, Bellet and his 
associates”® found that the lethal dose of digitalis 
was reduced by about 23 per cent during 
the subacute stage of infarction. Increased 
sensitivity to digitalis has been shown to persist 
up to three weeks following experimental infarc- 
tion.*° The applicability of animal experi- 
ments to patients has been questioned by Boyer*! 
who administered digitalis to fifty consecutive 
patients with acute myocardial infarction (with- 
out a control series, however) and concluded 
that the fear of using digitalis in acute infarction 
is not justified. Others report increased sensi- 
tivity to the drug®’® and several fatalities follow- 
ing the intravenous injection of digitalis in 
patients with acute myocardial infarction.* 
Both Friedberg® and Wright* are of the opinion 
that digitalis should not be given in the presence 
of acute myocardial infarction, unless gross 
cardiac failure necessitates use of the drug. 
Digitalization under these circumstances should 
be slow and cautious, avoiding the use of paren- 
teral preparations except in cases of fulminating 
congestive failure. 

Cor Pulmonale: Baum and co-workers*®* ob- 
served a high incidence of digitalis toxicity in 


patients with congestive heart failure due to 
chronic cor pulmonale. Recently these workers 
demonstrated a direct correlation between 
arterial hypoxemia and sensitivity to acetyl 
strophantidin.** In addition, attempts to slow 
cardiac rate in patients with sinus tachycardia 
secondary to severe pulmonary diseases may 
lead to the use of excessive doses of the drug. 
The situation is probably similar to the triad of 
tachycardia, digitalis toxicity and mercurial-fast 
edema encountered in congestive heart failure 
complicated by multiple pulmonary emboli.*? 
Renal and Thyroid Disease: ‘The presence of 
renal disease does not seem to increase the 
hazards of digitalization in clinical medicine 
except in instances of renal shutdown?’ or as the 
result of renal potassium wasting. Hypothy- 
roidism and advanced liver disease have also been 
listed among conditions predisposing to digitalis 
toxicity,° although evidence to this effect is 
meager. In one hypothyroid patient markedly 
sensitive to digitalis, increased tolerance to the 
drug followed replacement therapy with desic- 
cated thyroid.** In experimental animals hy- 
perthyroidism has also been found to increase 
myocardial sensitivity to cardiac glycosides.*® 
A-V Heart Block: ‘The literature on digitaliza- 
tion in the presence of atrioventricular block 
is scanty and controversial. Katz and Pick*® 
state that in second degree A-V block digitalis 
should not be given unless urgently indicated 
by the presence of heart failure, but they have 
no objection to the use of the drug in the 
presence of established complete A-V_ block. 
Other authorities consider it dangerous to use 
digitalis in the presence of complete A-V 
block,“ 4? and their opinions are supported by 
the findings of Schwartz and Jezer* who pro- 
duced ventricular fibrillation in two patients 
with complete A-V block by injecting small 
amounts of digitalis intravenously. Although 
digitalis has been administered to patients with 
partial A-V block without untoward effects“ 
it may precipitate Adams-Stokes attacks by 
changing partial A-V block to complete A-V 
block.!® In rare instances in which spontaneous 
transition from partial to complete block is 
responsible for syncopal episodes, digitalis may 
abolish these by establishing stable, complete 
A-V block. Digitalis may also induce syncope 
of carotid sinus reflex origin because the drug 
increases the sensitivity of carotid receptors.‘ 
In these cases atropine may be used simultane- 
ously to block the carotid sinus mechanism.*® 
WPW Syndrome and Intraventricular Block: ‘The 
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Wolff-Parkinson-White syndrome may also pre- 
dispose to digitalis toxicity. Wolff’ states that 
the drug often increases the number and rate of 
anomalous beats and tends to perpetuate the 
arrhythmias which are frequently observed in 
patients displaying accelerated conduction. He 
also warns that in the presence of atrial fibrilla- 
tion accompanied by anomalous excitation the 
ventricular rate cannot be controlled with 
digitalis, and the tendency to give increasing 
amounts of the drug may lead to intoxication. 
This possibility should always be kept in mind 
when atrial fibrillation with abnormal ventricu- 
lar complexes simulating intraventricular con- 
duction delay fails to respond to adequate doses 
of digitalis. 

It has been suggested that intraventricular 
block increases the hazard of ventricular fibrilla- 
tion due to digitalis,** but in the case referred to*® 
a gross overdose of the drug was given inad- 
vertently. No other evidence incriminating 
intraventricular block in digitalis sensitivity has 
been encountered in the reviewed literature. 

Ventricular Tachycardia: Opinions regarding 
the use of digitalis for ventricular tachycardia 
are not unanimous. Burwell and Hendrix** 
state: ‘‘Digitalis is contraindicated in paroxys- 
mal ventricular tachycardia because it enhances 
the myocardial irritability and may precipitate 
ventricular fibrillation.” Gilson and Schemm*° 
employed large doses of digitalis in the presence 
of ventricular tachycardia without adverse, and 
possibly with beneficial, effects. In one pateint 
with A-V block and Adams-Stokes attacks dur- 
ing bouts of ventricular tachycardia, digitaliza- 
tion to the point of vomiting re-established nor- 
mal sinus rhythm.*' Results of two other 
studies lead to the conclusion that in occasional 
cases of ventricular tachycardia not due to 
digitalis toxicity, digitalis merits a trial after 
more conventional methods have failed.*:* 
Digitalis may be more useful in the treatment 
of this arrhythmia when it occurs in the presence 
of congestive heart failure.*° 

Electrolyte Imbalance: The major role of elec- 
trolyte imbalance predisposing to digitalis 
toxicity has received wide attention during 
recent years. In experimental animals a 5 to 
10 per cent decrease of body potassium reduces 
the amount of digitalis required to produce 
ventricular tachycardia by about 60 per cent.™ 
The occurrence of digitalis toxicity following 
diuresis in patients on maintenance digitalis 
therapy is related to concomitant loss of potas- 
sium, rather than to mobilization of digitalis 
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from edema fluid.' The appearance of ar- 
rhythmias in digitalized patients undergoing 
hemodialysis®:** is another example of increased 
cardiac sensitivity to digitalis consequent to 
potassium depletion. Diarrhea, vomiting, ster- 
oid therapy and potassium loss secondary to 
renal disease have each been implicated as 
factors predisposing to digitalis toxicity.!:>.*:™ 
Shift of potassium into the intracellular compart- 
ment as the result of the administration of glu- 
cose*® or insulin treatment of diabetic acidosis® 
may also precipitate arrhythmias in digitalized 
patients. It would seem safe practice to abstain 
from the use of digitalis during active treatment 
of diabetic acidosis until electrolyte levels are 
stabilized and potassium losses are compen- 
sated. 

At extremely high levels of plasma potassium, 
digitalis and this cation may become additive in 
their toxic effects. Both Keyl®’ and Fisch and 
co-workers®* studied animals acutely poisoned 
with large doses of digitalis and subsequently 
infused with potassium. Under these experi- 
mental conditions the mean lethal dose of 
potassium was found to be less in the animals 
with preceding digitalis toxicity than in com- 
parable control animals. An occasional harm- 
ful effect of potassium, aggravating arrhythmias 
due to digitalis toxicity, has also been en- 
countered clinically.5. 

The influence of the serum pH and the 
Na/K ratio on the pharmacological effects of 
potassium has been emphasized by Bellet. 
These factors appear to play a role in determin- 
ing myocardial sensitivity to digitalis, since 
rapid elevation of serum sodium with infusion 
of hypertonic saline® and the presence of alkalo- 
sis® predispose to digitalis toxicity. 

The additive effect of calcium and digitalis 
has received wide attention, and fatalities result- 
ing from the administration of calcium to 
digitalized patients have been 
These deaths occurred when digitalized patients 
were given 10 per cent calcium gluconate in the 
undiluted form Calcium, 
when required for a digitalized patient, should 
be administered either orally or diluted and 
infused over several hours intravenously, em- 
ploying the same precautions as if additional 
digitalis were given. 

The role of magnesium in human physiology 
has been emphasized only recently. In view 
of the similarity between the effect of this cation 
on the myocardium and that of potassium,® 
it is possible that if searched for, hypomagnese- 
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mia will be found to be responsible for an occa- 
sional case of digitalis toxicity. 

The preceding discussion dealt with conditions 
which represent only relative contraindications 
to the use of digitalis. ‘The only absolute con- 
traindications to the use of cardiac glycosides are 
conditions in which they are not therapeutically 
indicated,** severe allergy to the drug and 
the presence of digitalis toxicity. 


MANIFESTATIONS OF DIGITALIS TOXICITY 


Gastrointestinal Disturbances: Gastrointestinal, 
neuro-ophthalmological and cardiac disturbances 
constitute the classic triad of digitalis toxicity. 
The usual sequence of gastrointestinal effects 
produced by digitalis is the occurrence of 
anorexia followed by nausea and vomiting. 
At times, however, vomiting may occur suddenly 
in the absence of preceding nausea or anorexia. 
Vomiting is largely due to a central action of 
the drug; it can be produced by parenteral 
administration of glycosides and in the eviscer- 
ated animal preparation, as shown in the 
classic studies of Hatcher and Eggleston.® 
The direct effect of digitalis is on the chemore- 
ceptor trigger zone on the dorsal surface of the 
ala cinerea in the medulla; impulses arising 
in this region trigger the vomiting center located 
in the lateral reticular formation.*® The exist- 
ence of an additional, local emetic effect on the 
stomach was emphasized by Gold and associ- 
ates.°7 Diarrhea is less frequently produced 
by cardiac glycosides, although even with 
currently used purified preparations it is re- 
ported to occur in as high as 10 per cent of 
cases of digitalis toxicity.° 

Neurological Manifestations: ‘The neurological 
manifestations of digitalis toxicity were reviewed 
by Batterman and Gutner® who list vertigo, 
headache, drowsiness, restlessness and _irrita- 
bility, weakness and fatigue, convulsions, hallu- 
cinations and delusions, mood disturbances, evi- 
dence of organic mental syndrome including 
temporary loss of memory, aphasia, stupor and 
coma. The majority of these cerebral toxic 
effects occur more frequently in the elderly and 
are non-specific, possibly related to concomitant 
circulatory changes and sudden diuresis.®? 
It has been suggested that cerebral symptoms 
of digitalis toxicity develop more frequently in 
hyperthyroid patients, even in the absence of 
cardiac manifestations.7° In experimental ani- 
mals, digitalis in toxic doses can produce patho- 
logically demonstrable degenerative changes 
in the central nervous system.’! Paraesthesias 


and pain suggestive of trigeminal neuralgia 
were described by Batterman as common and 
fairly specific manifestations of digitalis toxicity. 
Other patients in this series had neuritic type 
pain in the lumbosacral region radiating to the 
posterior thigh, and pain in the arms or calves.®* 

Ocular Disturbances: The earliest ocular 
signs of digitalis toxicity are usually subjective, 
starting with flickering sensations before the 
eyes, flashes of light and colored vision, most 
frequently yellow, occasionally red, brown or 
green, and rarely blue.”:7* The absence of 
objective findings leads ophthalmologists to 
believe that visual hallucinations are due to the 
effect of digitalis on the cerebrum.” Marked 
photophobia may be present and at times 
oscillatory movements of the eyeballs are 
observed. The majority of patients show 
mydriasis, some miosis. Digitalis may also 
produce retrobulbar neuritis; in these cases 
examination shows reduced visual acuity and 
central or paracentral scotomas.”:” Even total 
blindness can result from bilateral retrobulbar 
neuritis caused by cardiac glycosides.7* Digi- 
talis-induced diplopia due to paralysis of the 
extraocular muscles is rare, but well docu- 
mented cases have been reported.”® 

Cardiac Disturbances: Evidence of atrial, nodal 
or ventricular irritability and depression of 
conduction constitute the electrocardiographic 
manifestations of digitalis toxicity. Disturb- 
ances of rhythm in the absence of symptoms 
may constitute the only evidence of digitalis 
toxicity in up to 50 per cent of cases* and may 
occur without the appearance of ST-T changes 
in the electrocardiogram.’’ ‘The statement that 
digitalis may be responsible for any type of 
arrhythmia has become axiomatic, and it is 
safe practice to consider any change in rhythm 
arising in a digitalized patient as being due to 
the drug until proved otherwise. 

Digitalis can produce disturbances in the sino- 
auricular node and surrounding tissues, resulting 
in sinus tachycardia,?* sinus bradycardia,*:’ 
wandering sinus arrest?’* or 
sinoatrial block.”* Reversion of atrial fibrilla- 
tion to sinus rhythm may also occur in the 
course of digitalis therapy of congestive failure 
(9.3 per cent in one series), but this should not 
be considered a sign of toxicity.”® 

Atrial arrhythmias due to digitalis toxicity 
were the subject of an excellent. monograph by 
Lown and Levine. The drug may produce 
atrial premature contractions,?*:> paroxysmal! 
atrial tachycardia (P.A.T.) with varying 
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atrial flutter,7® and atrial fibrilla- 
tion.2~> The salient features of P.A.T. with 
varying block are: a sudden change in the 
morphology of the P wave, gradual acceleration 
of rate (usually 150 to 250 per minute), a P-P 
interval which may be regular or irregular (the 
irregularity usually ventriculophasic) and vari- 
able degrees of A-V block; carotid sinus stimula- 
tion does not abolish the arrhythmia but in- 
creases the degree of block.!:*:** The average 
atrial rate is often slower than in atrial tachy- 
cardia not due to digitalis toxicity®; differentia- 
tion from sinus rhythm (especially during runs 
of P.A.T. with 1:1 conduction) may be difficult. 
Paroxysmal atrial tachycardia with 2:1 exit 
block around the ectopic atrial focus has also 
been reported.*® Aérial flutter due to digitalis is 
rare.’® Distinction from atrial tachycardia is 
to some extent on the basis of rate; rates over 
250 per minute are considered to be flutter, 
and tachycardia may merge into flutter in the 
same patient.® Digitalis toxicity may also cause 
atrial fibrillation; in several large series it ac- 
counted for about 10 per tent of arrhythmias 
caused by the drug.?—® Since digitalis is the 
drug most frequently used in the treatment of 
these rapid atrial arrhythmias, failure to recog- 
nize its causative role in their production may 
result in disaster when the drug is further 
“pushed” rather than discontinued to control 
the arrhythmia. A _ similar situation exists 
when during the treatment of atrial fibrillation 
with digitalis, toxicity manifests itself by a 
paradoxical acceleration of ventricular rate.*! 

Nodal premature beats, nodal rhythm, nodal 
tachycardia can each be caused by digi- 
talis,?45.8 and digitalis toxicity is one of the 
most common causes of A-V dissociation. The 
drug may even cause a “double,” concomitant 
atrial and nodal tachycardia.®:**-* 

Ventricular premature contractions are the most 
common electrocardiographic manifestations of 
digitalis toxicity and account for about 65 per 
cent of arrhythmias caused by the drug.?-+® 
The ectopic beats may be bigeminal, trigeminal 
or totally irregular, have a unifocal or multifocal 
morphology; but none of these features can 
differentiate them from premature ventricular 
contractions caused by myocardial disease in 
patients receiving no digitalis. Paroxysmal ven- 
tricular tachycardia is an extremely serious but not 
uncommon manifestation of digitalis toxic- 
ity.2-45.85 particular form of tachycardia 
with alternating bidirectional QRS complexes 
considered by some to be of ventricular origin 
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is almost exclusively due to digitalis.*® This 
rhythm has a tendency to appear in patients 
with severe heart disease and atrial fibrillation 
who frequently exhibit bigeminy prior to the 
appearance of paroxysmal tachycardia. In 
some of these cases the ectopic focus may be 
single and reside in the vicinity of the A-V 
node, as indicated by the identical R-R interval 
between upward and downward QRS com- 
plexes and termination of both types of com- 
plexes with vagal stimuli.’’ In other cases two 
pacemakers may be present, the R-R intervals 
are different and carotid sinus pressure abolishes 
only one type of complex.**:** Bidirectional 
tachycardia frequently heralds the onset of 
ventricular fibrillation; the latter may be the 
terminal event in the course of digitalis tox- 
icity.” 

All degrees of atrioventricular block may be 
caused by digitalis?4:®; Wenckebach periods 
seen in second degree A-V block are said to be 
frequently due to use of the drug.“ Digitalis 
has been found to be one of the most common 
causes of complete A-V block,*® but the ventricu- 
lar rate in digitalis-induced block tends to be 
higher than in complete block due to acquired 
heart disease.‘ 

Increasing congestive heart failure is a singularly 
treacherous manifestation of digitalis toxicity. 
Decreased myocardial efficiency due to toxic 
amounts of the drug has been suggested to cause 
increased severity of congestive failure,” but the 
frequent occurrence of palpitation and electro- 
cardiographic evidence of arrhythmias in the 
reported cases®~—9%? suggest that disturbances of 
rhythm may play an important role in the pro- 
duction of failure. Heart failure has been en- 
countered with particular frequency as a mani- 
festation of digitalis toxicity in infancy and 
childhood.°? 

Digitalis Poisoning in the Absence of Heart Disease: 
Digitalis poisoning produced by ingestion of 
extremely large amounts of the drug during 
suicidal attempts demonstrates the effect of 
digitalis toxicity in patients without demon- 
strable pre-existent heart disease. Bergy and 
co-workers®* collected seven cases from the 
literature and added their own case with 
autopsy findings. The clinical picture in these 
patients presented the gastrointestinal, ocular 
and electrocardiographic manifestations gener- 
ally seen in digitalis toxicity. However, there 
was a marked contrast between the relatively 
low mortality observed after massive digitalis 
poisoning in these patients with normal hearts 
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and the frequently disastrous effects observed 
in patients with cardiac disease receiving a 
relatively small excess of digitalis. No patho- 
logical changes comparable to the subendocar- 
dial necrosis and hemorrhages found in experi- 
mental animals after digitalis poisoning*®:% 
have been observed in man. 


DIAGNOSTIC TESTS 


At times nausea, vomiting and arrhythmias 
occurring in the course of severe congestive 
heart failure in an inadequately digitalized 
patient may be difficult or impossible to differ- 
entiate from digitalis toxicity on clinical grounds 
alone. For these patients, provocative tests 
evaluating the status of digitalization may be of 
value. The first such procedure, introduced by 
Lown and Levine,' utilizes acetyl strophantidin, 
the most rapid-acting and rapidly dissipated 
cardiac glycoside known to date. The drug is 
given intravenously under electrocardiographic 
control; from the smallest amount required to 
produce toxic effects the previous state of digital- 
ization can be calculated. The test has been 
found to be extremely accurate, its greatest 
disadvantage being the high mortality (5 per 
cent) attendant to its use. A recent modifica- 
tion of the procedure is said to increase its margin 
of safety without loss in diagnostic accuracy™; 
if this finding can be confirmed in a larger 
group of patients the test may gain greater 
clinical acceptance. 

The calcium-digitalis tolerance test is based on 
the quantitative synergistic relationship between 
calcium and cardiac glycosides.%7:% Patients 
are “titrated” to an electrocardiographic end- 
point with graded increments of 10 per cent 
calcium chloride given intravenously, and from 
the amount of calcium employed the previous 
state of digitalization is calculated. Intra- 
venous administration of calcium to digitalized 
patients is not without dangers, and the propo- 
nents of this test warn against its use in the pres- 
ence of acute or recent myocardial infarction, 
angina pectoris or myocarditis. 

The disappearance of ventricular premature 
contractions during intravenous potassium chloride 
infusion is no longer accepted as evidence that the 
ectopic beats were due to digitalis toxicity, 
since ventricular premature beats can be 
abolished by potassium in patients who have 
never received digitalis.°° Paroxysmal atrial 
tachycardia, atrial flutter or atrial fibrillation, 
however, are seldom if ever abolished by potas- 
sium unless these arrhythmias are related to 


digitalis toxicity, hypokalemia or a combination 
of both.®:79-99,100 


TREATMENT OF DIGITALIS TOXICITY 


Potassium Therapy: Once the diagnosis of 
digitalis toxicity is established treatment, beyond 
discontinuing the drug immediately, is generally 
required in the presence of dangerous or poten- 
tially dangerous arrhythmias. The value of 
potassium in the therapy of digitalis toxicity is 
now well established. Tn view 
of the extensive literature published on this 
subject, this discussion will be limited to some 
of the less well recognized hazards of potassium 
therapy. The use of potassium is dangerous 
when advanced A-V block (usually in the 
presence of atrial fibrillation) is the chief mani- 
festation of digitalis toxicity. While potassium 
occasionally may decrease the A-V block pro- 
duced by cardiac glycosides, it frequently acts 
in an additive fashion, further depressing 
A-V conduction and may precipitate more 
dangerous [ have ob- 
served one case of fatal cardiac arrest during the 
treatment of complete A-V block (due to digitalis 
toxicity) with potassium, and another case of 
similarly produced cardiac arrest successfully 
treated with molar sodium lactate.!° 

Another dangerous aspect of'the use of potas- 
sium is the well known reliance on the safety of 
its oral route of administration.!%! Brown, 
Tanner, and Hecht! demonstrated impaired 
urinary excretion of a single oral loading dose 
of potassium chloride in patients with congestive 
heart failure. Fatal potassium intoxication 
following oral administration of potassium 
chloride has been reported.’ I have also 
observed several patients, some of them with 
measured daily urinary outputs exceeding 1,300 
cc., in whom after four to five days of oral 
potassium therapy severe electrocardiographic 
manifestations of potassium toxicity developed 
with markedly elevated serum potassium lev- 
els.1°° The toxic effects of potassium have been 
reported to be mitigated and its therapeutic 
effectiveness increased in the form of K-l-gluta- 
mate, presumably due to improved transport 
of potassium across the cell membrane by the 
glutamate ion.” 

Magnesium Therapy: The use of magnesium in 
digitalis intoxication was reviewed by Enselberg 
and his associates!” who found this cation to be 
rapidly effective in abolishing arrhythmias 
caused by digitalis. Ventricular premature 
contractions in non-digitalized patients could 
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also be suppressed by magnesium. The authors 
concluded that the therapeutic use of this cation 
is limited by its short duration of action (few 
minutes), and its occasional paradoxical tend- 
ency to increase the number of extrasystoles 
and provoke short runs of ventricular tachy- 
cardia. 

Procaine Amide and Quinidine: Both of these 
drugs have been used effectively in the treat- 
ment of arrhythmias caused by digitalis. 
Cohen,® in his excellent review, discusses in 
detail the use of these drugs and their side 
effects. Since his report the mode of action 
of these drugs has been clarified. Procaine 
amide and quinidine have been found to 
influence potassium flux across the myocardial 
cell membrane resulting in a net increase in 
myocardial potassium content.!%-1% In view 
of the similarity of the effects of these drugs on 
the electrocardiogram to those of hyperpotasse- 
mia, it is not surprising that their use in the pres- 
ence of A-V block is equally dangerous.*® 

Magnesium, potassium, procaine amide and 
quinidine are myocardial depressants. The 
toxicity of magnesium is limited by its short 
duration of action, but the other three agents 
may cause serious and longer lasting toxic 
effects. When, during the treatment of digi- 
talis intoxication, severe hyperkalemia, procaine 
amide or quinidine poisoning intervenes, the 
cautious use of intravenous molar sodium 
lactate may be of value to counteract myocar- 
dial depression,®:°:'" although molar sodium 
lactate itself may accentuate the manifestations 
of digitalis toxicity. 

EDTA: Chelation of serum calcium with 
ethylenediamine-tetraacetic acid (EDTA) re- 
sults in depression of ionized serum calcium 
and is also rapidly effective in abolishing atrial 
and ventricular arrhythmias due to digitalis 
toxicity."°-"4 This effect is not limited to 
ectopic beats caused by digitalis since EDTA, 
like potassium, was found to be effective in 
suppressing premature beats in non-digitalized 
patients.""% The advocates of the use of EDTA 
believe that its rapid action and greater safety 
than that observed with the use of intravenously 
administered potassium recommend the use of 
induced hypocalcemia in the treatment of 
digitalis toxicity."*-"* Intravenously admin- 
istered potassium, however, in the opinion of 
many, including this reviewer, is a safe agent 
when administered under continuous electrocardio- 
graphic observation, safer indeed than orally 
administered potassium chloride,*-"> and 
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provides more physiological replacement ther- 
apy in digitalis intoxication secondary to potas- 
sium depletion. 


RECENT EXPERIMENTAL STUDIES 


Several compounds tested in recent years 
were found to protect experimental animals 
against the toxic effects of cardiac glycosides. 
Grinnell and Smith"® noted female dogs to be 
more resistant than male dogs to the cardio- 
toxic effects of digoxin. ‘The mechanism respon- 
sible for greater digitalis resistance in female dogs 
was demonstrated by these authors to be due 
to antagonism between estrogenic hormones and 
digoxin. 

The observation that digitalis has a tendency 
to reduce myocardial sulfhydril (SH) groups 
led Pieragnoli and co-workers!’ to investigate 
the effects of the SH group containing amino 
acid, cysteine. ‘These workers demonstrated an 
increased resistance to the cardiac glycosides 
in rats treated with cysteine. The available 
data are not sufficient to indicate whether the 
protection afforded by cysteine and estrogen is 
only preventive or also antidotal in nature. 

Two saturated lactones, tetrahydrofurfury] alco- 
hol (THFA) and gamma-butyrolactone, in- 
vestigated by Cosmides and associates,'"'® were 
found to be effective in protecting several species 
against the cardiotoxic effects of digitoxin. 
The authors postulated that these compounds 
inhibit digitoxin competitively by virtue of their 
structural similarity to the lactone part of the 
digitoxin moiety, possibly competing with the 
cardiac glycoside for the same myocardial 
receptor site. It is of interest that, in contrast 
to potassium and other cardiac depressants 
currently used in the treatment of digitalis 
toxicity, the saturated lactones antagonize the 
depressant effect of cardiac glycosides on A-V 
conduction. From theoretical considerations 
these agents would appear to be specific anti- 
dotes for digitalis-induced arrhythmias. If the 
experimental findings are confirmed in man and 
toxicity studies prove THFA and related com- 
pounds to be safe, they may provide a most 
specific diagnostic and therapeutic tool in the 
management of digitalis toxicity. 


SUMMARY AND CONCLUSIONS 


1. In the presence of old age, advanced 
myocardial disease, active myocarditis, cor 
pulmonale, renal shutdown and electrolyte im- 
balance, particularly potassium depletion, sensi- 
tivity to cardiac glycosides is increased and 
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special precautions are required to avoid 
toxicity. Disorders of the thyroid and liver 
may have a similar effect, but available clinical 
data on digitalis requirements in these condi- 
tions are insufficient for definite conclusions. 

2. The use of digitalis in the presence of 
complete A-V block can be dangerous, although 
occasional beneficial effects have been reported. 

3. There is evidence that in acute myocardial 
infarction the sensitivity of the myocardium 
to digitalis is increased; in its presence the drug 
should be used in moderate doses when conges- 
tive failure cannot be controlled by other 
measures, and intravenous digitalization should 
be avoided if at all possible. 

4. Several reports indicate that ventricular 
tachycardia should no longer be considered an 
absolute contraindication to digitalis therapy. 
Occasional patients with this arrhythmia (par- 
ticularly those in congestive failure), refractory 
to procaine amide and quinidine, may benefit 
from a trial with cardiac glycosides. 

5. The supraventricular arrhythmias associ- 
ated with anomalous ventricular conduction 
(Wolff-Parkinson-White syndrome) generally do 
not respond to digitalis. The drug may be ad- 
ministered in amounts producing toxicity with- 
out slowing the ventricular rate when atrio- 
ventricular conduction is mediated through the 
anomalous pathway. 

6. Allergic reactions to digitalis are rare; 
eosiniphilia, thrombocytopenic purpura and 
skin eruptions caused by the drug have been 
reported. 

7. Painful, tender swelling of the breasts 
may be produced in both men and women by 
cardiac glycosides; this can occur in the absence 
of significant hepatic damage or congestive 
failure. 

8. Digitalis toxicity may be manifested by 
atrial tachycardia, atrial flutter and atrial 
fibrillation or a paradoxical acceleration of 
ventricular rate in chronic atrial fibrillation. 

9. Oral potassium therapy, even in the 
presence of adequate urinary output, may lead 
to severe potassium intoxication in patients 
with congestive failure. Excessive myocardial 
depression caused by potassium, procaine amide 
or quinidine can be treated with molar sodium 
lactate. 

10. The usual effect of potassium on digitalis- 
induced A-V block is frequently additive rather 
than antagonistic to the cardiac glycoside and 
may produce further A-V depression. It ap- 
pears that when digitalis toxicity is manifested 


by advanced A-V block (usually in the presence 
of atrial fibrillation) potassium is of little value 
and may be contraindicated. 
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Historical Milestones 


Obstruction of the Thoracic Duct by Aortic 
Aneurysm 


(Turner, 1859; Laennec, 1806) 


SAUL JARCHO, M.D. 
New York, New York 


B THE middle of the nineteenth century the 
study of morbid anatomy was in full 
swing. Much of this burst of activity was due 
to the French pathologist-clinicians such as 
Corvisart, Louis, Laennec and Bayle. The 
British also cultivated morbid anatomy and 
clinical medicine with outstanding success, as is 
evident from the work of Bright, Addison, 
Hodgkin and others. 

While the works which are presented here- 
with may be regarded as an unusual and in- 
teresting by-product of this movement, which 
aimed to discover the organic basis of disease 
and to establish clinical methods for the recog- 
nition of disease intra vitam, the paper by Turner 
is the writing of a man whose training leaned 
more in the direction of anatomy than pa- 
thology. 

Sir William Turner, k.c.B., D.C.L., L.L.D., 
F.R.S. (1832-1916) was not only a distinguished 
anatomist but also a well known anthropologist, 
teacher and administrator. His contributions 
included essays on craniocerebral topography, 
vascular anastomoses in the lungs, placentation 
in various mammals, taxonomy of cetacea and 
cranial characteristics of various human groups. 

Turner’s paper on aneurysm, reproduced 
herewith, is titled: ““IT'wo Cases of Aneurism of 
the Descending Thoracic Aorta, Producing 
Obstruction of the Thoracic Duct.” It was 
published originally in the Edinburgh Medical 
Journal, volume 4, pages 1003-1007, 1859. 


* %* 


TURNER ON ANEURYSM 
During the last~fowr years, several cases of 


aneurism of the thoracic aorta have fallen 
under my notice in the dissecting-rooms of the 
University. From these I have selected the two 
following cases, which possess certain features in 
common, and of a somewhat unusual character. 


Cas—E 1. W. G., female, aet. 24. On opening 
the thoracic cavity, that part of the pericardium which 
encloses the aorta and pulmonary artery was ob- 
served to be pushed forwards, so as to be in closer rela- 
tion to the posterior surface of the sternum than is 
natural. On drawing forward the upper lobe of the 
left lung, a large aneurism was seen projecting from 
the posterior part of the thoracic aorta. The 
aneurism extended upwards as far as the lower margin 
of the 2d dorsal vertebra, and rested on the left sides 
of the bodies of the 3d, 4th, and 5th dorsal vertebrae, 
with their intervening cartilages, reaching close to 
the articular surfaces of the heads of the ribs. It 
projected also across the bodies of the vertebrae 
slightly to their right side. Its lateral and antero- 
posterior diameters were each three inches, its circum- 
ference laterally ten inches. It contained a firm 
coagulum. There was slight abrasion of the surfaces 
of the bodies of the vertebrae upon which it rested. 
On account of its size, considerable displacement of 
the important structures in relation to the aorta in 
this locality was produced. The left vagus nerve 
was drawn greatly to the left side, and, together with 
its recurrent branch, put upon the stretch. The great 
vessels arising from the transverse part of the arch, 
instead of lying in front of the trachea at their origin, 
were all drawn to the left side. The trachea was 
compressed at its point of bifurcation, being situated 
between the front of the aneurism and the posterior 
surface of the transverse part of the aortic arch; the 
left bronchus, up to the point at which it entered the 
lung, was also greatly compressed. The oesophagus 
passed down in front of the aneurism, lying for a part 
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of its course between the anterior surface of the tumour 
and the trachea, and, like the last-named tube, was 
very much compressed. It was so firmly adherent 
to the surface of the aneurism, that separation of the 
two could not be effected; the coats of the oesoph- 
agus and the corresponding part of the aneurismal 
wall were so thin, that, in the process of injecting the 
body, they had given way, and a considerable quan- 
tity of injection had found its way into the 
oesophagus. The vena azygos, at its upper part, was 
drawn very much forwards. The thoracic duct could 
be traced upwards as far as the lower surface of the 
aneurism, with which it became completely blended, 
so that its canal was entirely obliterated. In its pas- 
sage upwards, several lymphatics were seen to enter 
it from the glands in the posterior mediastinum. The 
body of the individual did not exhibit any signs of 
emaciation, for there was a layer of fat of some thick- 
ness beneath the integument. 


History: I have been enabled, through the 
kindness of Dr. Robertson, lately medical officer 
of the City Parochial Board, to obtain the fol- 
lowing particulars respecting the history of the 
case. For the last eighteen months she had 
hardly ever been sober, and had led a life of 
dissipation and profligacy. She seemed in good 
health till about eight months ago, when she be- 
came, as her friends termed it, asthmatic, being 
unable to run, and feeling her breathing short as 
she ascended the stairs. She had considerable 
cough, and, when coughing, used to hold her 
sides, and complain of her chest. Until within 
a few days of her death, her appetite was good. 
On the day of her decease she went down five 
stories, bought one and a half gills of whisky, re- 
turned with it, and drank it. At the moment of 
her death no one was present with her, and its 
suddenness and unexpected nature shocked all 
those who knew her. No information could be 
obtained if she had ever had any discharge of 
blood by the mouth. 


Case 2. An old male subject. When the thoracic 
cavity was opened, a large coagulum, equal to not 
less than two pints of blood, was found in the left 
pleural cavity, lying upon the outer surface of the 
lung, and partially compressing it. On raising the 
lung from its position, the blood was found to have 
escaped into the pleura through an opening in the 
left side of a large aneurismal tumour connected 
with the thoracic aorta. This aneurism occupied that 
portion of the artery which extended from the third 
to the eighth dorsal vertebrae, lying not merely over 
the surfaces of the bodies of these vertebrae, but 
reaching to the left side, so as to be in front of the 
heads and necks of the ribs connected to them. To 
the greater part of the pleural surface of this part of 
the aneurism the left lung was adherent, but at its 
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posterior and superior part, no adhesion had taken 
place; and it was in this locality that thinning 
of its wall had allowed the rupture to take place, and 
the blood to escape into the pleural cavity. The 
aneurism also projected slightly to the right side, so 
as to overhang the heads of the 5th, 6th, 7th, and 8th 
ribs on that side. The coats of the artery were very 
much diminished in thickness in this part also of the 
tumour, but not to such an extent as to allow of the 
occurrence of a rupture. Partial abrasion of the 
osseous surfaces on which the aneurism rested had 
taken place. On making a section through the 
tumour, the clot was seen to be distinctly laminated 
in its interior. In addition to this pouch-like 
aneurism, formed on the posterior wall of the de- 
scending aorta, the ascending and transverse parts 
of the arch presented general dilatation of their 
canal, so that the calibre of this part of the vessel was 
greatly augmented. The descending part of the arch 
being of the normal size, and being situated between 
the general dilatation and the aneurism, gave the ap- 
pearance of a constricted neck, separating the two 
portions of the vessel from each other. The coats of 
the aorta throughout were very much degenerated, 
numerous calcareous plates, many of which were of 
considerable size, being found between them. 

The splanchnic nerves, vena azygos, oesophagus, 
left bronchus and left pneumogastric nerve, were all 
very much compressed. The thoracic duct, as it 
passed up the back of the thorax, at a point corre- 
sponding to the 8th dorsal vertebra, came in contact 
with the inferior part of the aneurism, and became 
so blended with its wall, that the duct was completely 
obliterated, so that injection forced into the duct by a 
syringe proceeded no farther than this point. There 
was no emaciation in this subject; the amount of fat 
beneath the integument being in moderate abun- 
dance.! 


Unfortunately, I have had no opportunity of 
learning anything of the history of this case be- 
fore being brought to the anatomical rooms. 
There can be little doubt, however, that death 
must have quickly followed the rupture of the 
aneurism, and the escape of blood into the 
pleural cavity. The case, so far as regards the 
locality of rupture, confirms the general state- 
ment which has been advanced, viz., the tend- 
ency that aneurisms projecting from this part of 
the aorta have to burst into the left, rather than 
the right pleura. 

Although the two cases I have related present 
several features of interest, yet I wish particu- 
larly to direct attention to the obstruction to the 
course of the thoracic duct present in both of 
them. I do this more especially, because it in- 
volves the consideration as to how the lymph and 


1 Both this and the preceding preparation are de- 
posited in the University Museum. 
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chyle proceeding from the infra-diaphragmatic 
parts of the body find their way into the venous 
system in such cases—a question of great im- 
portance, inasmuch as in it is included the 
general question of nutrition in those in whom 
this obstruction exists. Although systematic 
writers on aneurisms of the thoracic aorta 
generally mention obstruction of the thoracic 
duct as one of the complications which may 
arise in the course of the disease, yet I have been 
able to find very few cases involving this com- 
plication put upon record. ; 

Amongst the numerous examples of thoracic 
aneurism tabulated by Dr. Crisp,’ no such case is 
recorded. Dr. Bellingham* characterises it as 
“extremely rare’; the only case he adduces 
being the one reported by Laennec in the 12th 
volume of the Journal de Medicine. Morgagni, 
in his 17th Epistle, quotes a case of Valsalva’s, 
and another of Santorini, in both of which there 
was considerable dilatation of the lacteal vessels, 
which he ascribes to pressure upon the thoracic 
duct from a large aneurism of the thoracic 
aorta. Dr. Bennett‘ also records a case where 
an aneurism about the size of a walnut appeared 
to compress the thoracic duct. The patient is 
described as becoming very much emaciated; 
but this was apparently owing to severe vomiting 
and diarrhoea, which preceded the emaciation, 
and continued up to the period of death: 
ulceration of the stomach was also found. In 
the two cases I have related it was particularly 
remarked that there was no emaciation: in the 
first, the subcutaneous fat was present in con- 
siderable abundance. I am inclined to believe 
that, in all cases where obstruction of the duct 
comes on gradually, some other channel is pro- 
vided along which the lymph and chyle may 
find their way into the venous system; the 
absence of emaciation in these cases strongly 
confirming this supposition. This may consist 
either in’ the establishment of a collateral cir- 
culation, by the enlargement of lymphatic ves- 
sels connecting the different parts of the duct 
above and below the place of obstruction, or by 
communications taking place between the 
thoracic duct and the veins, in other localities 
besides that commonly described as the only 
one, at the root of the neck on the left side. I 
have collected evidence on both these points. 


2 Diseases of the Blood-Vessels. 

3 Diseases of the Heart. 

‘Clinical Lectures on the Principles and Practice of 
Medicine, 1858, p. 570. 


Ist, As to the establishment of a collateral circula- 
tion.—Anatomists have long been familiar with 
the splitting of the thoracic duct into two 
branches, which, after a short course, parallel to 
and closely adjoining each other, commonly 
reunite at some point higher up in the thorax, 
or, more rarely, as in the case described by 
Hewson,* where each branch possessed a sepa- 
rate opening into the great veins at the root of 
the left side of the neck. It is not to cases of this 
kind, however, that I refer, but to the actual 
existence of a collateral channel separated by a 
considerable interval from the main duct. 
Sir A. Cooper® has described two cases of ob- 
struction to the passage of the chyle along the 
thoracic duct, from disease of that vessel, where 
such a collateral channel was found passing up 
the left side of the aorta, and joining the upper 
end of the duct above the point of obstruction; 
and at the conclusion of his paper he states that 
he has observed in many subjects, where no 
no obstruction existed, similar vessels. In the 
Monro Anatomical Collection is a dried and in- 
jected preparation, in which, in addition to the 
duct, which occupies the normal position to the 
right of the aorta, a large branch ascends to the 
left of that vessel, joining the duct in the upper 
part of the thorax. My friend Mr. Edwards in- 
forms me that he dissected, about three years 
ago, a subject in which the usual position of the 
thoracic duct was occupied by a mere thread of 
a cellular tissue, whilst on the left of the aorta a 
duct was observed passing upwards in a straight 
course to the great veins on the left side of the 
neck. Into this vessel several large lymphatics 
opened. Cruikshank’ states that he has dis- 
covered an anastomosis between the lacteals 
coming from the mesentery and the lymphatics 
of the liver and diaphragm; and as the latter 
vessels communicate with the right subclavian 
vein as well as with the left, it is evident that 
along this channel the chyle may reach the 
blood, were the thoracic duct itself obliterated. 
He also states that he has demonstrated chyle in 
the lymphatics on the upper surface of the dia- 
phragm. I have no doubt that, were the lym- 
phatics more frequently injected and carefully 
examined, similar collateral channels would be 
found to be anything but rare. 

2d, As to the existence of other communications be- 


5 Works—Syd. Soc. Ed., p. 136. 

6 Medical Records of a Private Medical Association, 
1798. 

7 Anatomy of the Absorbents, 1790, p. 89. 
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tween the lymphatics and veins, besides those found 
at the roots of the neck. 

Until within a comparatively recent period, it 
was the general opinion of anatomists that the 
thoracic duct for the infra-diaphragmatic and 
left supra-diaphragmatic parts of the body, and 
the right lymphatic duct for the right supra- 
diaphragmatic parts, were the only channels of 
communication between the veins and lymphat- 
ics. But of late years, several undoubted cases 
have been described where the lymphatics 
joined the veins in other localities. Professor 
Wutzer® relates a case in which he saw two 
branches proceeding from the thoracic duct 
opening into the vena azygos, and a third join- 
ing a branch of the vena azygos. Professor 
Nuhn‘ states that he has seen two instances where 
well-marked lymphatics opened into the renal 
veins, and a third, where two tolerably large 
branches communicated with the vena cava in- 
ferior. Petrel'® describes a case of puerperal 
fever, in which he traced a lymphatic, filled 
with pus, opening into the portal vein; and in 
another case, similarly pus-filled, vessels were 
seen joining the renal veins and vena azygos. I 
think it probable that, in the case described by 
Mr. Paget," of a cartilaginous growth in the 
testicle and its lymphatics, where a prolongation 
of the cartilage was seen projecting into the in- 
ferior cava, that this may have extended along a 
lymphatic vessel, normally opening into the vein 
in this situation. When we reflect upon the 
small size of the lymphatic vessels, and the rare 
opportunities afforded us of examining them in 
an injected state, it is not surprising that similar 
small communicating branches have not more 
frequently been discovered. We see that nature 
provides in the anastomoses of veins and arteries 
secondary channels, along which the blood may 
flow to and from a part, should the main vessel 
be, by any cause, obstructed. It is not, then, to 
be wondered at, that those equally important 
fluids, the lymph and chyle, should also possess 
other channels, besides the thoracic duct, along 
which they may find their way into the blood. 


* * * 


AUTHOR’s COMMENTS 


In the foregoing text we may note the exact- 
ness of the description, especially with regard to 


8 Miiller’s Archiv, 1834, p. 311. 

® Miiller’s Archiv, 1848, p. 173. 

10 Gazette de Paris, 1845, p. 512. 

"\ Medico-Chirurgical Society Transactions, vol. 38. 
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the location and anatomical relations of the 
aneurysms. Detailed descriptions of this kind 
are rather uncommon in the recent literature of 
disease, probably because medical instruction 
during the last few decades has shown a steadily 
dwindling interest in gross anatomy. 

Turner’s comments indicate, however, that 
his interests were not narrowly limited to 


- anatomy. He observed the lack of emaciation 


in the two cadavers and he also offered some 
general comment on lymphatic circulation. 
Any attempt at clinicoanatomical correlation 
was rendered impossible by the almost complete 
lack of history in the two cases. 

In 1806, more than half a century before 
Turner, Laennec made a brief contribution to 
the same theme. At this time Laennec was 
twenty-five years old. While some years of 
medical service in the armies of the Revolution 
lay behind him, he was really not far from the 
start of his career. He had already published 
a number of notes on valvular disease of the 
heart and a few minor contributions on mis- 
cellaneous subjects. His great treatise on 
mediate auscultatation was not to appear for 
another thirteen years. 

The following article is translated from the 
Journal de Medicine, Chirurgie, et Pharmacie, 
volume 12, pp. 159-165, 1806. 


* * * 


LAENNEC’sS CASE OF AORTIC ANEURISM CAUSING 
COMPRESSION OF THE THORACIC Duct 


Read before the Society of the School of 
Medicine by M. Laennec, associate-adjunct 
member. 


Valentin-Pierre Dubut, coppersmith, 32 years of 
age, of a bilious temperament, had been sick for about 
18 months when he decided to enter one of the Paris 
hospitals. The onset of the disease had been marked 
by burning and boring pains, which started in the 
loins and later spread to various regions, at times to 
the thorax, at times to the abdomen, where they pro- 
duced the sensation of a bar. The pains sometimes 
responded to treatment but never stopped completely. 
Since the patient’s admission to the hospital on the 
23rd of Brumaire (November 13) they had been very 
vigorous and the patient himself compared them to 
the pain which would have been produced by a tre- 
phine perforating the vertebral column. He had 
painful twinges and numbness in all parts of the 
lower extremities. His pains were relieved by pressure. 
The pulse was entirely normal. It was suspected 
that he had painter’s colic. He died after a few days, 
while screaming loudly. 
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External appearance. The body was about five feet 
three inches long, was pale, discolored, and a little 
thin. The eyes were unequally open; a few violet 
spots were visible on the conjunctivae. The chest 
was resonant on the right and on the upper part of the 
left side, but the lower part of the left chest yielded a 
dull note. The limbs were a little stiff. 

Cranial cavity. There was a small amount of 
serous fluid between the arachnoid and the pia, but 
there was none in the ventricles and none at the base 
of the skull or in the spinal column. 

Thoracic cavity. The right lung was a little en- 
gorged with blackish liquid blood; otherwise it was 
crepitant and healthy. The right pleura contained no 
fluid. When the left pleura was opened, about 2 
glasses of a limpid straw-colored fluid flowed out, 
and was followed by several blood clots. When the 
mediastinum was pulled aside the left lung was seen 
to be pushed upward so that it occupied scarcely 
half of the pleura; it was bound down by a fairly 
abundant and firm cellular tissue. The rest of this 
pleural cavity was filled by a large mass of clotted 
blood, which was almost entirely red, especially at the 
interior of the clots; only a few parts of their surfaces 
were black. In the posterior, inferior, and internal 
parts of the left pleura there was a smooth tumor as 
big as a duck’s egg, which lay on the diaphragm and 
against the vertebral columns, covered by pleura. 
In the middle of this tumour there was an irregular 
opening large enough to admit the little finger; all 
the blood in the pleural cavity must have flowed 
through this opening. 

The pericardium was normal and contained no 
fluid. The heart was of normal volume. The right 
heart contained very little blood. The right ventricle 
was small and thin walled. The left ventricle like- 
wise was not enlarged but its walls were about 9 
lines [2.0 cm.] thick. In other respects it was normal, 
as were its atrium and valves. There was no blood 
in the left heart. 

The ascending aorta and the aortic arch were 
normal. The descending aorta showed nothing un- 
usual in the greater part of its thoracic course, but in 
the lower: part of the chest it presented a great 
aneurysmal dilatation. This tumor, about 5 inches 
long, 4 inches broad, and 2 inches deep, was dis- 
posed longitudinally along the anterior part of the 
vertebral column from the tenth thoracic to the 
second lumbar vertebra. It was nearly ovoid. It 
could be described as having four surfaces and two 
ends. The upper end, much larger than the lower, 
was situated in the mediastinum, and was covered 
anteriorly by the pericardium and the esophagus, 
laterally by the pleurae. It deviated a little to the 
left and formed the left pleural tumor which has 
already been described. In its middle part and in all 
its length the anterior surface of the aneurysm pre- 
sented a little ridge, half an inch broad and about 
one line [2 mm.] high, formed by the anterior part 
of the aorta, which was not deformed and from 


which the coeliac and superior mesenteric vessels 
could be seen arising, near the lower end of the 
tumor. It was covered above and on the right by 
the esophagus, toward the middle section by the 
peritoneum, and at the sides by the pillars of the dia- 
phragm, which were considerably displaced from 
the vertebral column and extended over the lateral 
aspects of the tumor. Inferiorly this surface was 
partly covered by the pancreas, the duodenum, and 
the splenic vessels. . . The lateral surfaces of the 
tumor were covered above by the pleurae, toward 
the middle and below by the pillars of the diaphragm, 
and to a slight extent by the peritoneum. The 
splanchnic nerve, greatly displaced from the vertebral 
column, passed over these surfaces almost to their 
anterior parts. On the right the tumor was also 
adherent to the vena cava, which did not appear to 
be compressed by it. 

The posterior surface of the tumor was adherent to 
the vertebral column and covered it, overlapping it on 
either side, especially on the left. 

The aorta, opened in all its length, was perfectly 
sound anteriorly and showed no dilatation in its 
entire extent. Posteriorly it was firmly adherent to 
the tumor at the level of the eleventh thoracic 
vertebra. The aorta communicated with the tumor 
by a round opening about half a line [1 mm.] in di- 
ameter which had slightly thickened rounded margins. 
This tumor contained blood clots and reddish 
fibrinous concretions. Its walls were covered by 
fibrinous layers, first reddish, then whitish, which 
were so intimately adherent to cellular layers that 
they could not be separated completely. The verte- 
bral column was bare. The bodies of the eleventh 
and twelfth thoracic vertebrae were eroded and ex- 
cavated to such an extent that each could hold a 
nutshell. The body of the tenth thoracic vertebra 
was a little eroded inferiorly; and the first lumbar was 
similarly altered superiorly. The intervertebral 
fibrocartilages were normal. The thinnest parts of 
the sac were livid and brownish. Inferiorly the 
tumor was divided by a fibrinous or perhaps carnified 
septum, about half a line thick. 

The lower end of the tumor extended almost to 
the insertions of the diaphragmatic pillars which 
covered it. . . 

The mesenteric glands were a little hard and thick, 
yet their volume was not much increased over the 
normal. They were slightly yellowish on the outside. 
Internally they were whitish and presented a normal 
texture. The lacteal vessels were engorged with 
chyle, which also flowed from cut surfaces of lymph 
glands. 

Since the aneurysm which I have just described 
had to be preserved, I was not able to study the 
thoracic duct. Judging by the position of the tumor 
and the engorgement of the lymphatics of the 
mesentery, the duct probably was either destroyed or 
obliterated in a large part of its course. 

The major vessels of all parts of the body, and 
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especially of the limbs, contained little blood. The 
bones broke easily. The other parts of the body were 
in the natural condition. 


* * * 


AUTHOR’s COMMENTS 


In Laennec’s article we may note especially 
the clinical record. Emphasis is placed on 
the penetrating character of the pain, which 
the patient compared to the sensation that 
might be produced by a trephine forced into 
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the vertebral column. Percussion was per- 
formed postmortem, and dullness was found 
over the lower left side of the chest. 

There is, of course, no mention of auscultation, 
since this technic was yet to be introduced. 
The significant anatomical finding consisted of 
engorgement of the lacteals. There is no 
mention of the cisterna chyli. The thoracic 
duct was not dissected, hence its obstruction by 
the aneurysm was established through inference 
and not through dissection. Despite this the 
case has been cited repeatedly in the literature. 
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Report on Therapy 


Therapy of Stokes-Adams Syndrome 


Report of Four Unusual Cases, with a 
Review of the Literature” 


THEODORE H. GOLDBERG, M.D. and RoBertT S. PALMAN, M.D. 


Jersey City, New Jersey 


IHE RECENT advances in the therapy of 

Stokes-Adams syndrome have made it 
necessary for the physician to refamiliarize 
himself with both the nature of the syndrome 
and the various modalities of therapy now 
available. 

The term ‘“Stokes-Adams syndrome’ is 
often used with different meanings, and for 
this reason, careful attention to the definition of 
the term is important. Parkinson, Papp and 
Evans! studied the electrocardiograms of sixty- 
four patients and concluded: ‘‘Stokes-Adams 
disease is a name applicable to patients with 
heart block who suffer from recurrent attacks 
of loss of consciousness due to ventricular stand- 
still, ventricular tachycardia, ventricular fibril- 
lation or a combination of these.” They felt 
that this did not include cases of vagal origin, al- 
though admitting that this was a fine shade of 
definition. ‘The reason for this differentiation 
was that they believed that if the cases due to 
myocardial disease with heart block are grouped 
together, ‘their course, prognosis and treatment 
are similar,.and one can speak in terms of a 
disease, rather than a syndrome. 


THERAPY OF STOKES-ADAMS DISEASE 


Various types of treatment have been pro- 
posed. In assessing them, it must be kept in 
mind that each patient must be carefully 
analyzed, because what may be helpful in one 
may not be helpful in another. It is important 
to observe the patient under hospital conditions, 
with frequent electrocardiograms, so that the 


type of mechanism, whether it be ventricular 
asystole or ventricular acceleration, can be 
determined, since this will be a major deter- 
minant in the type of therapy used. 


THE PHARMACOLOGIC APPROACH 


Sympathomimetic Amines: The chief sympatho- 
mimetic amines in current use are epinephrine, 
isoproterenol (Isuprel®) and ephedrine. There 
is general agreement that epinephrine can 
precipitate ventricular fibrillation in those 
cases in which the underlying mechanism is a 
form of ventricular acceleration. Conversely, 
there is considerable clinical and experimental 
evidence that isoproterenol will stimulate an 
active ventricular pacemaker without exciting 
lower ectopic foci.2~* ‘The major disagreement 
with this comes from Zoll and co-workers?’ 
who have shown experimentally that isoprotere- 
nol could produce ventricular fibrillation in 
dogs, and that in human beings, both drugs 
given intravenously showed an equal tendency 
to produce excessive acceleration or premature 
beats. Ephedrine is similar in action to epine- 
phrine but not as powerful and is chiefly useful 
in the continued management of patients with 
episodes of asystole. 

Molar Sodium Lactate: This drug was orig- 
inally advocated for use in all types of Stokes- 
Adams disease by Bellet?" but it has subse- 
quently been found”:* that the drug can pro- 
duce ventricular tachycardia and frequent 
ectopic beats, and therefore, is no longer used 
in cases of the disease due to ventricular accelera- 


* From the Department of Medicine, Jersey City Medical Center, and Seton Hall College of Medicine, Jersey 


City, New Jersey. 
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tion. In view of the transient effect of molar 
lactate and the somewhat disappointing results 
in general,® it will probably be used chiefly 
as a priming agent for the sympathomimetic 
amines, since these latter drugs have been 
shown experimentally to have a decreased effect 
in the presence of acidosis and hyperkalemia.“ 
Another disadvantage of molar lactate is that 
it adds a high sodium load to patients in con- 
gestive failure. 

Steroid Therapy: Adrenocortical steroids and 
ACTH have recently been reported to be effec- 
tive in the treatment of complete heart block 
due to acute myocardial infarction,'®:'* the 
theory being that in some cases the interference 
with A-V conduction is due to inflammatory 
changes adjacent to the infarct!” and therefore 
may be reversed by the anti-inflammatory effect 
of the steroids. They have also been used 
with apparent benefit in several cases of Stokes- 
Adams disease due to chronic heart block.!*-1% 
This effect may be due to loss of potassium 
since the ventricular pacemaker has been shown 
to be extremely sensitive to hyperkalemia.” 
Chlorothiazide has also been used for this 
reason with apparent good results.”4 

Quinidine and Procaine Amide: These drugs 
are contraindicated in the presence of complete 
heart block because they may produce irre- 
versible ventricular asystole or may actually 
precipitate ventricular fibrillation.‘ 


THE ELECTRONIC APPROACH 


The use of the external electric pacemaker 
and external defibrillator as described by Zoll 
and his group” represents a dramatic advance 
in the management of this disorder. The 
external pacemaker delivers a measured electri- 
cal stimulus of up to 150 volts via electrodes 
strapped to the anterior wall of the chest. 
It can be used in conjunction with a monitor 
that automatically throws it into action when 
asystole occurs. The external defibrillator de- 
livers a single powerful stimulus of 150 to 750 
volts to the heart through the anterior wall 
of the chest. It has been shown that this may 
stop ventricular fibrillation or tachycardia™ 
without injuring the patient. 

Although the external electrical pacemaker is 
effective in the acute situation, it becomes 
cumbersome and difficult to use over a prolonged 
period of time, especialiy if the patient is to be 
made ambulatory. For this purpose, small 
portable internal electrical pacemakers are avail- 
able.27—*!_ These may be attached either through 
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a direct percutaneous insulated wire?’ or 
via an intracardiac electrode inserted into the 
right ventricle through a Cournand catheter.?**9 


The latter technic is simpler, and therefore will. 


probably gain more general acceptance. The 
portable pacemaker can be a very low voltage 
version of the standard external pacemaker, 
or it can be a true source of current as advocated 
by Bellet and Kilpatrick.*°*! 


THE SURGICAL APPROACH 


It has been suggested that cholecystectomy 
may be of some value in patients with Stokes- 
Adams disease who have proved gall bladder 
disease.” The mechanism of action would 
presumably be neurogenic, via the vagus. 
Since there has never been any proof that 
the vagus can affect an idioventricular focus 
below a blocked bundle of His, this mechanism 
could only conceivably be effective in cases of 
partial paroxymal A-V block. Nevertheless, 
the reported results in six cases of heart block 
with Stokes-Adams attacks are of interest. 
Two patients had complete A-V block and 
the other four had varying degree of A-V block. 
All had proved gall bladder disease, were sub- 
jected to cholecystectomy and showed a de- 
creased frequency of syncopal episodes following 
cholecystectomy. 


ILLUSTRATIVE CASE REPORTS 


RESUSCITATION OF THE APPARENTLY DEAD 
PATIENT 


Occasionally the initial problem in the 
management of Stokes-Adams syndrome is 
cardiorespiratory resuscitation, as illustrated by 
the following case report. 


Case 1. W. H., a seventy-seven year old white 
man, was first discovered to have complete heart block 
in January 1957 during admission to the hospital for 
treatment of a fractured hip. The first episode of 
syncope occurred in October 1957, at which time 
he was readmitted and treated with isoproterenol, 20 
mg. sublingually q.i.d. He was followed in the out- 
patient clinic on maintenance doses of isoproterenol 
but was readmitted in May 1958 because of recur- 
rence of syncope and convulsive seizures. 

Shortly after admission, there was an episode of 
asystole from which the patient failed to recover after 
one and a half minutes. At this point, pounding on 
the precordium was attempted with no response and 
the patient appeared to be dead. A needle was in- 
serted through the fourth left interspace into the 
heart. At the same time mouth-to-mouth breathing 
was instituted. Soon after the needle was inserted, 
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it began to move, indicating a heart beat. A pulse 
was felt and the patient recovered consciousness. 
Following this, a crunching sound coincident with 
respiration could be heard substernally due to 
pneumomediastinum. Large doses of penicillin 
were given since the cardiac puncture was an un- 
sterile procedure. For the following ten days, the 
patient was monitored, but was able to maintain an 
idioventricular rhythm. 

He was discharged ambulatory on the seventeenth 
day with a blood pressure of 160/80 mm. Hg and a 
pulse rate of 48 per minute. Maintenance medica- 
tion on discharge was isoproterenol, 15 mg. t.i.d. sub- 
lingually. In October 1958 he was readmitted and 
digitalized. He was last seen in December 1958, 
seven months after the resuscitation, ambulatory and 
doing well. 


Comment: Although it is common practice 
to inject epinephrine into the heart immediately 
when attempting resuscitation, this case illus- 
trates the fact that simple stimulation by need- 
ling may be effective. 

It is good practice to always follow a series 
of steps in attempting resuscitation. First, 
pound on the precordium, then insert the intra- 
cardiac needle, then inject epinephrine, and 
finally open the chest if necessary, all the while 
maintaining the airway. Mouth-to-mouth in- 
sufflation is now considered to be the most 
effective form of artificial respiration and should 
be used in preference to the old prone-pressure 
method. 


PROLONGED USE OF THE EXTERNAL PACEMAKER 


It is our practice to attach the combined 
pacemaker and monitor to the patient with 
Adams-Stokes syndrome on admission to the 
hospital. This places the pacemaker in readi- 
ness for automatic use should asystole occur, 
and will also enable the physician to determine 
the type of mechanism causing syncope. If 
resuscitation by the pacemaker is needed, it is 
felt desirable to maintain it for as short a time 
as possible. -The patient is tested for idio- 
ventricular activity by momentarily cutting 
off the pacemaker switch. If there is no 
spontaneous resumption of cardiac action, 
strenuous efforts are made to stimulate ven- 
tricular activity by the use of intravenous iso- 
proterenol (4 mg. per L. of 5 per cent glucose 
in distilled water) or epinephrine (4 cc. of 1 to 
1,000 solution per L.), the rate of flow being 
started at 15 drops per minute and adjusted as 
necessary. If these drugs fail, then intravenous 
molar lactate (40 to 80 cc. given rapidly) can 
be used. 


In the following case neither epinephrine 
nor molar lactate was successful in arousing a 
ventricular pacemaker, and the problem be- 
came one of prolonged maintenance on the 
external electrical pacemaker. 


Case 2. F.A., aseventy-eight year old white man, 
had his initial episode of syncope in 1955. He was 
admitted to the Jersey City Medical Center at that 
time and was placed on ephedrine sulfate, */s gr. 
(22.5 mg.) t.id. There were no further episodes in 
the hospital. The electrocardiogram showed only 
right bundle bunch block, which had been previously 
recorded in 1953. He did not continue the medica- 
tion after discharge, but syncope did not recur until 
July 1957 when he suddenly lost consciousness while 
sitting at home in a chair. 

On admission, the electrocardiogram showed com- 
plete heart block, with regular atrial rhythm of 100 
and an idioventricular rhythm of 21 per minute with 
occasional ventricular extrasystoles. Following ad- 
mission, the patient had several episodes of asystole 
which responded to thumping on the chest. He was 
placed on sublingual isoproterenol and did well until 
thirty-six hours later when asystole developed which 
required resuscitation with the external electrical 
pacemaker. A satisfactory amplitude of 50 volts 
was determined, and pain was controlled with 
meperidine. Sublingual isoproterenci therapy was 
continued and several attempts were made during the 
day to discontinue the pacemaker, but only asystole 
with convulsive seizures resulted, making it necessary 
to restart the machine. Prior to starting the pace- 
maker, the patient’s mental status had deteriorated, 
with confusion and disorientation. 

After thirty-five hours on the pacemaker, with the 
heart rate being maintained at 72 per minute and 
blood pressure 160/70 mm. Hg there was considera- 
ble mental clearing and the patient became alert and 
well oriented. At this point various means were 
used in an attempt to stimulate an idioventricular 
rhythm. Intravenous administration of epinephrine 
failed to have any effect; intravenous administration 
of molar lactate produced an idioventricular rhythm, 
which failed to persist more than a few moments. 
Repeated attempts with molar lactate were ineffective. 
The patient had gradually become accustomed to the 
pacemaker, and became resistant to any attempts to 
discontinue it. He remained in good condition until 
he suddenly stopped responding to stimulation and 
died after 101 hours of continuous maintenance of 
the pacemaker. 

Postmortem examination showed myocardial fibrosis 
involving the left ventricular wall due to old infarc- 
tion, moderate atheromata of the vessels of the circle 
of Willis with areas of petechial hemorrhage in the 
superior convolution of the temporal lobe, and pul- 
monary and hepatic congestion. There was no evi- 
dence of electrical burn or other injury to the surface 
of the heart. 
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Commeni: Maintenance of the patient on 
the pacemaker for prolonged periods requires 
careful nursing care and careful attention to 
such mundane problems as fluid intake and 
output. The discomfort due to electrical stim- 
ulation can be controlled by analgesics such as 
meperidine. Superficial burns of the skin can 
be prevented by frequent change in position of 
the electrodes. 

We do not believe that cardiac injury is a 
real problem since there has been onty one report 
of epicardial burn,“ in contrast to the many 
reports, including ours, in which postmortem 
examination showed no evidence of injury 
to the heart. The rate of stimulation can be 
adjusted in order to maintain a satisfactory 
cardiac output. Fifty beats per minute would 
be optimum in most cases.?5 

Had this patient lived longer, he almost cer- 
tainly would have required a permanent elec- 
trical pacemaker, in which case a transistorized 
pacemaker with an intracardiac electrode in- 
serted through the anterior chest wall?’ or 
via a venous catheter*® would have been useful. 


RESUSCITATION WITH THE EXTERNAL 
DEFIBRILLATOR 


The fortunate coincidence of having two 
physicians and a defibrillator at the bedside at 
the moment of onset of ventricular fibrillation 
enabled us to successfully defibrillate a patient 
through the closed chest. The voltage required 
was 450 volts. The patient recovered con- 
sciousness following the episode and remained 
alive for two weeks. At postmortem examina- 
tion there was no evidence of myocardial 
injury due to the electrical stimulation. It is 
interesting that the initial episodes of syncope 
were due to asystole, and the episode of ven- 
tricular fibrillation developed late in the course 
and may have been precipitated by the com- 
bined use of sublingual isoproterenol and sub- 
cutaneous epinephrine. 


Case 3. J. B., an eighty-seven year old white 
man was admitted in December 1958 because of syn- 
cope and convulsions during the previous three days. 
He gave a history of hypertension and mild heart 
failure for several years but he had not received 
digitalis. A slow pulse had been noted for the past 
year, but no episodes of syncope occurred until the 
time of admission. 

On admission the ventricular rate was 24 per minute, 
and the electrocardiogram showed complete A-V 
block. Monitoring with the electrocardiogram 
showed the syncopal episodes to be due to ventricular 
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asystole. Because of frequent syncopal episodes, the 
patient was initially treated with subcutaneous epi- 
nephrine, and then with isoproterenol by continuous 
intravenous drip, with the pacemaker-monitor stand- 
ing by. The administration of isoproterenol pro- © 
duced a rapid ventricular rate and frequent extra- 
systoles, but when it was stopped, asystole resulted, 
and the pacemaker was required for resuscitation. 
Several hours after admission the atrial mechanism 
changed to atrial flutter. When his condition became 
stabilized, therapy was changed to subcutaneous ad- 
ministration of isoproterenol and then to sublingual 
administration of isoproterenol. He did well until 
two weeks after admission when chills and fever, 
cough, hemoptysis and basilar rales developed. It 
was felt that he had either pulmonary infarcts, pneu- 
monia or both, and was treated accordingly. 

On the fourteenth hospital day, the patient had an 
episode of syncope and received 0.3 cc. of epinephrine 
subcutaneously, approximately two hours after a 
sublingual dose of isoproterenol. When seen shortly 
after the injection, he was conscious, but the monitor 
screen showed a ventricular tachycardia at a rate of 
150 per minute. Within a few moments this changed 
to ventricular fibrillation and the patient became un- 
conscious. The external defibrillator was applied to 
the left anterior part of the chest. Two shocks at 
350 volts were ineffective. A third stimulus at 450 
volts stopped the ventricular fibrillation, and asystole 
ensued. The pacemaker was started, with rapid re- 
suscitation. The patient awoke and complained of 
pain due to the electrical stimulus. Following this, 
an idioventricular pacemaker was aroused by rapid 
intravenous infusion of isoproterenol. After stabiliza- 
tion, therapy was changed to subcutaneous isopro- 
terenol, 0.1 mg. every three hours. The patient’s 
condition remained fairly stable for twenty-four hours; 
then he began to have multiple episodes of asystole 
requiring both isoproterenol intravenously and the 
external pacemaker. On the nineteenth hospital day 
it was no longer possible to arouse an idioventricular 
pacemaker and patient was placed on the electrical 
pacemaker constantly. He had become comatose 
and electrolye imbalance had developed because of the 
large amount of non-electrolyte containing fluid 
which had been given intravenously. After seventy- 
two hours in a coma, respiratory arrest developed 
and he died. 

Postmortem examination showed both bronchopneu- 
monia and pulmonary infarctions. ‘The heart showed 
perivascular fibrosis, but no recent myocardial infarc- 
tion and no epicardial injury. 


COMBINED USE OF STEROIDS, SYMPATHOMIMETIC 
AMINES AND THE PACEMAKER 


Frequently, multiple modalities of therapy 
are needed in the management of this illness. 
Our most complex situation was that of a 
patient with an acute myocardial infarction 
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in whom evidence of congestive failure developed 
initially and was treated with digitalis. 
Complete heart block with Stokes-Adams at- 
tacks then developed. Since we were unable to 
determine the cause of the heart block, we 
treated the patient for possible digitalis toxicity 
with intravenous administration of potassium 
and also administered steroids in the hope that 
the block might be due to inflammatory changes 
secondary to the infarct of the posterior wall. 
At the same time the heart beat was main- 
tained with the combined use of intravenous 
isoproterenol and the external pacemaker. 


Case 4. W. S., a seventy-seven year old Negro 
man, had been in good health until one hour prior to 
admission when he noted the sudden onset of severe 
shortness of breath while climbing an incline, fol- 
lowed within a few minutes by continuous and in- 
creasingly severe retrosternal pressure, nausea and 
one episode of vomiting. 

An electrocardiogram taken on admission showed 
normal sinus rhythm of 90 per minute, elevated S- 
T segments in leads II, III and aVF, depressed S-T 
segments and inverted T waves in leads aVR, aVL 
and V; through V3. 

Because of signs of early congestive failure, the pa- 
tient was slowly digitalized and was asymptomatic 
until the third hospital day, when, four hours after re- 
ceiving a dose of digitalis leaf, making a total of 1.6 
gm., he complained of being nauseated. An electro- 
cardiogram revealed second degree heart block with 
a 2:1 A-V response. Digitalis was discontinued and 
the patient received oral potassium chloride. 

Nine hours after the development of the second 
degree block, an irregular apical rate of 35 per minute 
was observed; an electrocardiogram showed com- 
plete heart block with an atrial rate of 100 per minute 
and an irregular ventricular rate of 30 to 40 per 
minute. An infusion containing 80 mEq. of potassium 
chloride per L. was begun and 30 mEq. was infused 
within three hours without a change in the degree of 
block but with slowing of the apical rate to 20 to 24 
per minute.. An infusion of isoproterenol, 2 mg. per 
L., was started and the rate of infusion adjusted in an 
attempt to maintain the apical pulse at 20 to 30 per 
minute. With slowing of the heart rate to 20 per 
minute, an external cardiac pacemaker with a moni- 
tor and cardioscope was attached and set for auto- 
matic stimulation for an asystole interval of six 
seconds. The patient also received at this time 100 
mg. of hydrocortisone intravenously, repeated six 
hours later. 

During the first eight hours after attachment of the 
external pacemaker, the patient was automatically 
resuscitated because of ventricular asystole on five 
occasions. There were no further episodes of asystole 
until the fifth hospital day when a sixth episode oc- 
curred, terminated by external stimulation. Be- 


cause of the continuation of complete heart block, on 
the seventh day the patient was started on a course 
of prednisone therapy, 10 mg. every six hours. 
Second degree heart block with a 2:1 A-V reponse was 
noted on the ninth hospital day and normal sinus 
rhythm was restored on the twelfth hospital day. 
Prednisone therapy was gradually tapered and 
finally discontinued one week prior to discharge at 
which time the patient was asymptomatic and am- 
bulatory. 


SUMMARY 


1. Current concepts in the therapy of Stokes- 
Adams syndrome have been reviewed. Four 
cases illustrating some of the more difficult 
problems have been presented and commented 
on. 
2. Recognition of the etiology of the A-V 
block and the mechanism of the syncope, 
whether it be ventricular asystole or accelera- 
tion, is important for successful management. 

3. Isoproterenol and epinephrine are the 
most valuable of the pharmacologic agents 
available and are used intravenously to control 
episodes due to asystole. Isoproterenol seems 
to have less tendency to produce ventricular 
fibrillation in human beings. 

4. Molar sodium lactate is useful in the 
patient who is no longer responsive to the sym- 
pathomimetic amines due to acidosis and 
hyperkalemia. 

5. Adrenocortical steroids may have some 
value in heart block complicating acute myo- 
cardial infarction, on the basis of their anti- 
inflammatory action. 

6. Potassium deprivation can often improve 
A-V conduction. On this basis, chlorothiazide 
and adrenal steroids may be of value in chronic 
heart block. 

7. Quinidine and procaine amide are con- 
traindicated in the presence of complete heart 
block. This may also apply to potassium. 

8. The external electric pacemaker is of 
great value in the management of episodes of 
syncope due to ventricular asystole but will 
have no effect on episodes due to ventricular 
acceleration. In the latter, the external electric 
defibrillator is effective. 

9. A small group of patients with Stokes- 
Adams disease and proved gallbladder disease 
may be helped by cholecystectomy. 

10. Resuscitation in the acute situation 
requires rapid action in a planned series of 
steps, while maintaining the airway at the 
same time. If asystole is suspected, pounding 
on the chest followed by cardiac needling, 
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followed by the external pacemaker or open 


thoracotomy is the proper sequence. 


All this 


must be accomplished within four minutes. 
If ventricular fibrillation is the cause of the 
syncope, only external defibrillation or thor- 
acotomy with cardiac massage will be effective 
unless the episode is very brief and spontaneous 
recovery occurs. 


14, 


. Bettet, S. and WaAssERMAN, F. 
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Case Reports 


Left Aortic Arch (Posterior or Circumflex 


Type) with Right Descending Aorta’ 


R. Hem DE BALSAc, M D. 


Paris, France 


ANY anomalies complicate the develop- 
ment of the primitive aorta. These 
deviations may involve the thoracic aorta itself 
(which can be left, right or double) or only its 
branches. A persistent arterial canal or its 
fibrous transformations (arterial ligament) may 
be often associated with additional malforma- 
tions. An aortic diverticulum at the junction 
of the horizontal and descending segments is an 
important anomaly which aggravates existing 
serious malformations. Coarctation of the aorta 
is a minor manifestation of such malformations. 
Major manifestations are complete or partial 
truncus arteriosus and pulmonary aortic fistulas. 
Of all these anomalies, posterior or circumflex 
aortas are of special interest, since the retro- 
esophageal position of their horizontal portion 
produces a curious diagnostic deviation of the 
esophagus and trachea. These complications 
are easily recognized when barium fills the 
esophagus. The most frequent manifestation of 
these malformations is a right aortic arch with 
left descending aorta. This occurs in 4 to 5 
per cent of patients with tetralogy of Fallot 
and may be well tolerated. 

On the other hand, the type of left aortic 
malformation (aortic arch to the left; descending 
aorta to the right) is extremely rare. We re- 
cently observed such a case which we believe to 
be the fifth in the literature. 


CasE REPORT 


M. Q., a seventy-seven year old woodsman, led 
an active outdoor life. Recently, however, his 
activities have become more sedentary and he oc- 
cupies his time with a study of local history. He is a 
heavy eater, but does not drink alcoholic beverages. 


Prior to 1940 he was a heavy smoker; since then he 
has never smoked. 

Progressive deafness of six years’ duration caused 
him to visit a doctor at the age of seventy-five. At 
that time a small, slightly pulsating and painful swell- 
ing on the left border of the sternocleidomastoid 
muscle was observed. This mass extended into the 
subclavicular depression and was thought to be an 
arterial sinuosity. 

The patient was referred to us for a cardiovascular 
examination on March 13, 1958. There was no his- 
tory of acute articular rheumatism during his child- 
hood or adolescence, but he did suffer from severe 
joint pain and remembered having a serious attack 
of lumbago at about thirty years of age. At one time 
he had been told that he might have heart trouble. 
No dyspnea, palpitations or thoracic pain was pres- 
ent. His general health was good and he carried his 
age exceptionally well. 

Physical Examination: The peripheral arteries were 
extremely hard and sinuous. There was a Corrigan 
pulse; the neck pulse showed slight sensitivity on the 
internal border of the sternocleidomastoid muscle. 
The carotid pulse was not felt but the left subclavicu- 
lar pulse was felt well in the subclavicular hollow. 
The femoral, pedal and posterial tibial pulsations 
were easily located bilaterally. The appearance of 
the legs was normal; varicosity, circulatory trouble 
or peripheral edema was not present. 

Breath sounds were slightly rough on both sides. 
The liver appeared normal, the abdomen soft, and 
the tendon, cutaneoplantar and ocular reflexes were 
normal. The fundus oculi was normal although the 
arteries appeared slightly shiny and tortuous with 
signs of arteriosclerosis. 

The heart beat was regular and there was a diastolic 
murmur heard maximally at the aortic area and 
extending to the apex. Arterial blood pressure was 
240/130 mm. Hg. 

The electrocardiogram showed left axis deviation, 


* From the Division of Cardiology, Centre Chirurgical Marie Lannelongue, Paris, France. 
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Fic. 1. 


Electrocardiogram. Note variation of P wave and P-R interval, ven- 


tricular extrasystoles, marked left axis deviation and ‘eft ventricular preponder- 


ance. For clarity, these tracings have been retouched. 


with a pronounced left ventricular preponderance 
(Fig. 1). 

Roentgenograms of the Chest: These show a slightly 
senile thorax (slight cervicodorsal kyphosis, thicken- 
ing of the vertebral contours with “parrot beaks” and 
widening of the bases). The lungs are very pale and 
of a hazy appearance (Fig. 2). The diaphragmatic 
leaflets are low, a little flattened and slightly mobile. 
The heart is oval and enlarged, especially in the left 
ventricular portion. Roentgenokymographic record- 
ing of the pulsations showed them to be impaired 
almost the entire length of the left border. A satis- 
factory pulsation of the usual type, typically ven- 
tricular, was recorded at the base, but at the middle 
part a wavering «reduction in amplitude appears 
which increases toward the base. In contrast, the 
right border of the heart presents satisfactory kinetics 
of a typically ventricular character along its entire 
length. 

A widened, shortened pedicule presents a project- 
ing right border on its lower portion which continues 
toward the left in an exaggerated ‘“‘beak”’ formation 
of the aortic semicircle. The descending aorta does 
not appear on the left edge of the film, but more 
towards the inside, superimposing its image on the 
right edge of the spinal column. The partially con- 
cealed hili do not stand out. The barium-filled 
esophagus shows (from the front) a small aortic 
indentation, then follows a sinuous median pedicular 
path, remaining far from the left edge. 

A slight rotation, oblique and to the left exposes 
the winding path of the entire descending aorta. The 
aortic “‘beak’’ still projects toward the rear of the 
spinal column shadow. The descending aorta 
describes a wide ‘‘S” which brings it toward the front, 
at the level of the pulmonary pedicule and then 
toward the rear where its image is lost in the heart 
shadow (Fig. 3). This site, anterior to the vertebrae, 
characterizes the path of the descending aorta along 
the right side of the spinal column. 

Good-sized right and left pulmonary arteries are 
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visible through the shadows of the other neighboring 
structures. 

With exaggeration of the left anterior oblique rota- 
tion the winding path of the aorta is more clearly 
visible (Fig. 4). The upper bend (junction between 
the aortic arch and the descending aorta) is slightly 
dilated and marks a wide notch of posterior con- 
cavity on the opaque esophagus; then the descending 
aorta passes in front of the esophagus to become 
again posterior to the cardiac mass. 


Fic. 2. Teleroentgenokymogram in the frontal position. 
The heart is horizontal, increased in size with alteration 
of the left ventricular kinetics. Short pulmonary 
pedicule, ascending aorta to the right and prominent 
aortic semicircle are seen. The esophagus presents a 
left, concave aortic indentation and lower down, a 
winding path. 
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Fic. 3. Teleroentgenogram in the left anterior oblique 
position, slight rotation. After the still prominent aortic 
semicircle, the descending aorta describes an ‘‘S’’ which 
brings it toward the front of the spinal column and then 
in back at the level of the heart. The esophagus is to 
the left of the descending aorta. 


The right anterior oblique position makes an 
aortic projection apparent in the form of a swan’s 
neck, the vessel being wide and regular (Fig. 5). 
But the barium-filled esophagus presents a true 
deviation of its path; it is pushed toward the front, 
its width remaining almost the same. Here it is no 
longer a question of an esophageal indentation, but 
of a 180 degree curve of the esophagus in front of the 
wide aorta which passes in back of it. Directly in 
front, the trachea follows the same evolution before 
turning above this posterior aortic arch. Lower 
down, the descending aorta and the esophagus 
resume their usual relationship while the rounded, 
coin-shaped projection of the left pulmonary artery 
is situated in the center of the pulmonary pedicule. 

In a lateral view (Fig. 6) the esophagus presents 
the same anterior deviation of its path, but due to the 
superimposed shadows, this appearance, although 
characteristic of the retroesophageal position of the 
aorta, is more difficult to see. In no position what- 
soever does the barium-filled esophagus present a 
true indentation indicating an abnormal position of 
one of the aortic branches. 

Diagnoses: (1) Generalized arteriosclerosis in a 
man of seventy-seven years of age affecting the 
osteoarticular system, the lungs, the entire arterial 
tree and probably also the myocardium; (2) con- 
genital abnormality of the aortic arch which is to the 
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Fic. 4. Teleroentgenogram in the left anterior oblique 


position, strong rotation. The winding anterior path 
of the descending aorta is still clearly seen, as is the 
esophagus. 


left, with the retroesophageal aorta and the descend- 
ing aorta on the right edge of the spinal column, but 
without obvious abnormality in the position of the 
aortic branches; (3) aortic insufficiency possibly of 
rheumatic, arteriosclerotic, or congenital (bicuspid 
aortic valve) origin; (4) arterial hypertension (which 
adds to the existing aortic insufficiency); (5) 
myocardial insufficiency, still latent and clinically 
invisible is revealed through roentgenokymographic 
changes. The pulse in the neck probably cor- 
responds to arterial tortuosity. 

The patient refused angiocardiographic and all 
other investigation, but agreed to reduce his activity, 
to follow a mildly cardiotonic regimen and to take 
iodine, vitamins and sedatives. 

Course: During 1958 the patient aged consider- 
ably. He lost a little weight and can be described 
as having “‘withered.” He is less active. At times, 
he feels his legs are not strong enough to support him. 
He only walks on level ground and is out of breath 
after the least physical effort. He complains of 
vague, needle-like abdominal pain. His deafness 
has increased. Slight intellectual deterioration is 
also noted. 

Physical examination on November 18, 1958, again 
revealed tortuous, hard arteries with strong pulses. 
Arterial blood pressure is 170/110 mm. Hg. The 
diastolic murmur is accompanied by a milder systolic 
murmur. There is no gallop rhythm, but the rhythm 
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Fic. 5. Teleroentgenogram in the right anterior oblique 
position. The aorta is to the outside of the pulmonary 
pedicule and describes a “swan’s neck’? path. The 
deviated path of the esophagus and the trachea make 
evident the posterior retroesophageal position of the 
aorta. 


is irregular and several extrasystoles occur. At times, 
the electrocardiogram shows nodal rhythm or dis- 
sociation. Otherwise the electrocardiogram, tele- 
roentgenogram and roentgenokymogram are not 
essentially altered. 


COMMENTS 


These observations are interesting because 
of the type of aortic anomaly. Although 
we confirmed left aortic circumflexion only 
through x-ray films, these are so clear-cut that 
they seem conclusive. The aortic arch is to 
the left (front view), retroesophageal or 
circumflex (in the right anterior oblique and 
lateral positions) and the descending aorta is 
located to the right of the spinal column (in 
the left anterior oblique position, slight and 
accentuated rotation). These are the three 
abnormal positions which characterize this 
anomaly. 

This case seems to be the fifth in the literature. 
The initial observations of Paul! in 1948 concern 
two children with congenital cyanosis. Here 
the position of the left aortic arch was revealed 
by a concave esophageal depression turning 
toward the left. Underneath, the opaque 
esophagus formed the outline of the middle 
arch, which proved that the descending aorta 
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Fic. 6. Teleroentgenogram in the left lateral view. 
The deviated path of the esophagus and the trachea 
are still visible. The aorta is to the rear. 


was to the right. Paul considers this to be a 
characteristic sign. Lower down the aorta 
was slightly diagonal in order to take again the 
usual median, antevertebral position toward 
the bottom of the thorax. Surgical interven- 
tion confirmed the x-ray findings. 

The third case (Edwards’) concerns a seven- 
teen month old child who died from malforma- 
tions of the digestive system, but showed no evi- 
dence of cardiac anomaly. At autopsy the aorta 
was found to rise from right to left, pass above the 
left bronchus and then behind the esophagus 
and the trachea. The descending aorta was 
found on the right edge of the spinal column. 
Anomalies of the aortic branches, presence of 
an aortic diverticulum at the junction of the 
horizontal and descending portion of the aortic 
arch and an arterial ligament, added to a cir- 
cumflex aorta, formed a true vascular ring. 
At the time we published our “Study of Con- 
genital Cardiopathies’’* these were the only 
available references. 

Since that time, Heinrich‘ described the 
fourth case, a man of fifty years, without any 
heart trouble, in whom the aortic anomaly was 
discovered by chance during a fluoroscopic 
examination. The aortic semicircle was prom- 
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inent and the aortic arch was located to the 
left. The horizontal portion of the aortic 
arch was retroesophageal at the level of the 
sixth dorsal vertebra. The descending aorta 
descended on the right side of the spinal column 
for a length of three to four vertebrae; at this 
level the left pulmonary artery was just to the 
left of the path of the esophagus. Lower 
down, the descending aorta curved toward the 
right and once again became median. The 
oblique roentgenograms showed a_ winding 
aorta which confirmed the previous findings. 
To our knowledge and that of Edwards,® no 
other observation of this phenomenon exists in 
the literature. 

Our patient resembles that of Heinrich. 
His patient was an adult whose entire arterial 
system was particularly tortuous and dense to 
such a degree that the aortic pictures were 
easily visible, even when not opacified. In our 
patient, the winding path of the descending 
aorta was especially accentuated. We ob- 
served not only a left, concave, esophageal 
indentation, but also a true deviation of the 
esophageal and tracheal paths which proved 
the posterior, retroesophageal position of the 
horizontal portion of the aortic arch. 

Circumflex aortas, whether right or left, are 
seen in two types of patients: (1) children or 
adolescents usually suffering from other cardiac 
anomalies, especially tetralogy of Fallot (4 
to 5 per cent of patients); and (2) patients 
over fifty years of age. In these the anomaly 
is often isolated and associated with no other 
cardiac, vascular or other abnormality. Wecan 
nevertheless wonder if these patients, all of 
whom have senile, winding large aortas with 
dense walls, were not afflicted with a congenital 
adaptation of their walls which enables these 
vessels to support the changes inevitable with 
aging. 

Circumflex aortas form an almost complete 
ring around the trachea and the esophagus. 
The circle can be completed simply by adding 
a branch, an abnormal aortic diverticulum or 
even an arterial ligament which is ordinarily 
located on the opposite side of the aortic arch 
(Edwards’ patient). We cannot affirm that 
this completed circle exists in our patient but we 


do call attention to the absence of all compli- 
cations in our patient and in that of Heinrich. 
This indicates that respiratory or swallowing 
difficulties are far from being constant in similar 
cases. 

The other findings in our patient are less 
important, such as the aortic valve lesion, 
high blood pressure, cardiac arrythmia and 
heart failure. The most important fact to 
remember is that our patient has adapted 
perfectly to his aortic anomaly and reached the 
age of seventy-seven years without the slightest 
trouble, despite having led an extremely active 
life. 


SUMMARY AND CONCLUSIONS 


The fifth reported case of a left retroesophageal 
aortic arch and descending aorta to the right of 
the spinal column (left circumflex aorta) 
is described in a seventy-seven year old man. 
This was discovered by chance during roent- 
genographic examination for the reappearance 
of a pulsating vascular sinuosity in the neck. 
Although x-ray films of the chest constitute 
the only proof of this diagnosis, their clarity 
excludes all doubt. This abnormality caused 
no trouble and even permitted a particularly 
active life. It seems to accompany a picture of 
exaggerated arteriosclerosis. ‘This phenomenon 
does not seem to be a cause of the heart failure 
which the patient now presents, since the 
generalized arteriosclerosis, old aortic valve 
lesion and hypertension are more than sufficient 
to explain it. 
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Simultaneous Surgical Treatment of 


Coexistent Coarctation of the Aorta and 


OMBINED cardiovascular lesions pose com- 
t; plex theoretical and practical problems of 
diagnostic evaluation and surgical manage- 
ment. ‘These relate to the relative importance 
of one lesion over another, the possible sequence 
of events following surgical correction and the 
magnitude of surgery that a given patient will 
tolerate at one time.'? Our experience with 
combined mitral and aortic stenosis has shown 
that both can be corrected at one operation® 
with risk no greater than for the more serious 
of the two lesions. 

However, only a few patients with combined 
aortic stenosis and coarctation who have 
undergone operation have been reported on.‘ 
The following case is added to the literature in 
support of the contention that one-stage correc- 
tion is feasible. ‘This patient had severe hemo- 
dynamic manifestations of his disease with a left 
ventricular peak systolic pressure of 400 mm. 
Hg, 100 mm. higher than that in the series of 
patients studied by Goldberg et al. His re- 
sponse to resection of the coarctation followed 
by transventricular aortic commissurotomy has 
been gratifying. 


CAsE REPORT 


J. B., a twenty-seven year old white man, was 
admitted to Presbyterian Hospital on April 16, 1956, 
for cardiac evaluation and possible treatment. A 
murmur was first discovered when he was six years 
old. There was a questionable history of rheumatic 
fever in childhood. Although he had frequent nose 
bleeds, easy fatigue and headaches, he participated in 
childhood activities. In January 1956 following a 
“chest cold,” substernal pain, cough, hemoptysis and 
shortness of breath developed. The patient was 
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hospitalized and responded promptly to medical 


treatment. This represented his first manifestation 
of cardiac failure. Subsequently, he had sporadic, 
moderate bouts of hemoptysis. About one week prior 
to admission he awoke with severe pain inside the 
right auditory canal and discovered a spot of blood 
on his pillow. The patient’s family history and 
systemic review were not significant. 

Physical examination revealed a well developed 
white man, moderately orthopneic but in no acute 
distress. His blood pressure was 148/100 mm. Hg 
in the arms and 80/40 mm. Hg in the legs. The 
pulse was regular with a rate of 80 per minute. 
Although the ocular reflexes and visual acuity were 
normal, funduscopy revealed grade 3 retinopathy 
with marked tortuosity of the vessels, arteriovenous 
nicking and flame hemorrhages in the retina. The 
right ear drum was absent and there was clotted 
blood in the external canal. There was no distention 
of the veins of the neck. The lungs were resonant and 
clear. The left cardiac border was at the anterior 
axillary line and a distinct cardiac thrust was pal- 
pable as well as a slight systolic thrill at the aortic 
area. There was a grade 4 systolic murmur, loudest 
at the base but transmitted to the apex and neck. 
The aortic second sound was absent. Examination of 
the abdomen was unremarkable. The extremities 
were normal except for diminished intensity of 
pulses in the legs. 

Routine laboratory studies including antistreptoly- 
sin titers were all within normal limits. The electro- 
cardiogram confirmed the presence of normal sinus 
rhythm and showed evidence of marked left ventric- 
ular hypertrophy in a vertical heart (systolic over- 
loading of the left ventricle) (Fig. 1). On fluoro- 
scopic and x-ray examination the over-all size 
of the heart appeared to be considerably enlarged 
(Fig. 2A). There was proximal dilatation of the 


aorta but the distal arch was not visible. There was 3 
plus enlargement of the left ventricle. 
calcification was not demonstrated. 
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Fic. 1. 


there was scalloping of the vascular border of the 
upper ribs bilaterally. 

Cardiac catheterization was performed on April 20, 
1956. The catheter was advanced through a per- 
sistent left superior vena cava. The pressures in the 
right side were markedly elevated, as was the pul- 
monary wedge pressure (Table I, part A). The radial 
artery pressure was 148/88 mm. Hg and the femoral 
artery pressure 100/76 mm. Hg. The preoperative 
diagnosis was coarctation of the aorta, congenital 
aortic stenosis and possible mitral valve disease. 

Surgical Findings and Procedures: He was operated 
upon on April 26, 1956. Extensive bleeding in the 
chest wall was encountered, as is usually seen with 
coarctation. The lung was moderately turgid but 
expanded readily. Exploration revealed a very 


TABLE I 
Catheterization Data 


Pressures Oxygen Content 
(mm. Hg) (vol. %) 
A. Preoperative Findings* 
Pulmonary wedge, 60/40(38) sa 
Pulmonary artery, 90/40 (58) 12.36 
Right ventricle, 94/4 12.65 
Right atrium, 15/4 (8) 12.60 
Superior vena cava 12.39 
Radial artery, 148/88 (108) 18.34 
Femoral artery, 100/76 (84) 18.30 
B. Postoperative Findingst 
Pulmonary wedge, 40/20 (26) ve 
Pulmonary artery, 45/22 (30) 10.41 
Right ventricle, 45/8 10.00 
Right atrium, 12/6 (8) 10.93 
Superior vena cava 10.23 
Brachial artery, 118/55 15.48 
Femoral artery, 120/60 cot 


Note: Mean pressures are shown in parentheses. 
* Systemic blood flow, 3.4 L./min. 
t Systemic blood flow, 4.0 L./min. 


Preoperative electrocardiogram shows the classic changes of left ventricular hypertrophy and strain. 


large heart and a marked systolic thrill could be felt 
over the ascending aorta through the intact peri- 
cardium. Just distal to the left subclavian artery, 
there was an obvious coarctation of the aorta. We 
elected to correct this defect first. 

Pressures were recorded in the left cardiac cham- 
bers (Figs. 3A and 4A). They were 35/10 mm. Hg 
in the left atrium, 150/88 mm. Hg in the ascending 
aorta and 400/0 mm. Hg in the left ventricle, with a 
left ventricular end-diastolic pressure of 18 mm. Hg. 

The aorta was cross clamped with no change in the 
proximal blood pressure, indicating a nearly com- 
plete coarctation. Resection and end-to-end anasto- 
mosis were carried out without incident. The peri- 
cardium was then opened posteriorly and parallel to 
the phrenic nerve. The left ventricle was con- 
siderably hypertrophied and there was enlargement 
of both the pulmonary artery and aorta. External 
palpation of the region of the aortic valve revealed 
induration and “crunch” calcification. 

The mitral valve was then explored, and no stenosis 
or regurgitation was encountered. The left ven- 
tricular myocardium was more than one inch thick. 

Aortic commissurotomy was undertaken by the 
transventricular route. There was almost complete 
obstruction of the aortic valve with distinct calcifica- 
tion. Following split-dilatation of the valve, the 
systolic thrill over the aorta was strikingly diminished. 
Further pressure studies were carried out after allow- 
ing time for the circulation to stabilize (Figs. 3B 
and 4B). The pressure in the left ventricle was 
180/0 mm. Hg and was 120/72 mm. Hg in the as- 
cending aorta. The aortic valve gradient had been 
reduced from 250 to 60 mm. Hg. 

Postoperative Course: The patient’s course was satis- 
factory with no significant postoperative complica- 
tions. A slight diastolic aortic murmur was audible 
postoperatively. X-ray studies and fluoroscopy re- 
vealed a decrease in the size of the heart (Fig. 2B). 
The electrocardiogram was essentially unchanged. 
Cardiac catheterization was repeated on May 15, 
1956; the right heart pressures had fallen to about 
one-half of the preoperative levels and there was now 
equalization of the brachial and femoral artery pres- 
sures at 120/60 mm. Hg (Table I, part B). The pa- 
tient was discharged on May 17, 1956, and he subse- 
quently returned to full-time work as a mechanic. 
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Surgery for Coarctation of Aorta 


Fic. 2. 


and Aortic Valvular Stenosis 


A, preoperative x-ray film of the chest, posteroanterior and lateral views. The over-all enlargement of the 


heart is obvious. Absence of the aortic knob and “‘notching” of the upper ribs are noticeable in the posteroanterior 
view. B, postoperative x-ray film of the chest shows some decrease in the size of the heart shadow. 


He has had no recurrence of symptoms except for one 
transient episode of epistaxis since the time of opera- 
tion and is able to walk and climb stairs without 
difficulty. 

Recent examination two and one-half years after 
surgery reveals his clinical response to be excellent. 
Cuff blood pressure is 130/80 mm. Hg in the arms and 
legs. There is a soft aortic diastolic murmur in addi- 
tion to the diminished systolic murmur, but no other 
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indications of aortic insufficiency are present. The 
patient’s personal reaction has been one of unbridled 
enthusiasm. 


COMMENTS AND CONCLUSIONS 


The coexistence of coarctation of the aorta 
and congenital aortic stenosis is not infrequent. 
Both valvular stenosis and coarctation affect 
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A, pressure tracing of the ascending aorta taken at the time of surgery, 


before either correction of coarctation or aortic commissurotomy. B, tracing 
within the ascending aorta after correction of coarctation and aortic commis- 


surotomy. 
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Fic. 4. A, left ventricular pressure tracing taker before correction of the co- 


arctation and aortic commissurotomy. 


B, 


left ventricular pressure tracing taken 


after correction of the coarctation and aortic commissurotomy. 


the integrity of the left ventricle, but it is not 
known whether the simultaneous presence of 
both lesions will have a cumulative effect on 
cardiac work or whether one lesion may afford 
some protection from the insult of the other. 
Direct block at the aortic valve requires an 
increase in myocardial work in order to maintain 
proper cardiac output. In its pure form, 
coarctation of the aorta does the same thing, as 


exemplified by similar roentgenographic and 
electrocardiographic pictures of hypertrophy 
of the left ventricle and of systolic overloading. 
However, Pappas, Lazarides and Downing® 
have postulated a compensatory situation in 
which the aortic stenosis decreases the degree of 
hypertension proximal to the coarctation while 
the aortic constriction helps to maintain satisfac- 
tory coronary perfusion distal to the stenotic 
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valve. The number of reported clinical cases 
in which surgery has been performed simulta- 
neously is too small to draw sweeping conclusions 
about the synergistic or antagonistic effects of 
this combination. 

The case reported here illustrates the tremen- 
dous systolic load that can be imposed on the 
left ventricle by this combination of lesions. 
The left ventricular systolic pressure reached 
400 mm. Hg with a 250 mm. gradient across 
the aortic valve. In spite of this, the patient had 
no dizziness or syncope. In fact, his symptoms 
were more consistently those of coarctation with 
incipient heart failure—epistaxis, headache, 
shortness of breath, fatigue and hemoptysis. 
Moreover, by the accepted clinical criteria for 
either lesion alone, time was running out since he 
was approaching the average age of death for 
severe coarctation,'5’ and the rate of deteriora- 
tion of patients with aortic stenosis is precipitous 
once heart failure develops. Following resec- 
tion of the coarctation and concomitant trans- 
ventricular aortic commissurotomy, a good 
hemodynamic response was obtained and his 
clinical response has remained excellent. 
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rare disease of the _ cardiovascular 
system.'~* We report here a single but first 
recognized case of glycogen storage disease 
of the heart in Japan. According to recent 
authors,‘:> the two types of the disease, cardiac 
and hepatorenal, should be regarded as quite 
different entities. The Japanese medical litera- 
ture up to 1958 includes about thirty cases 
(with four autopsies) of the hepatorenal type 
clinically diagnosed, but does not include cases 
of the cardiac type.® Interests of recent 
workers’: concern the biochemical nature of 
the polysaccharides deposited in the cell, 
and their different patterns of postmortem 
autolysis according to the types. In 1950, 
di Sant Agnese et al.’ proposed clinical criteria 
for differentiation, but they were so strict that 
only fourteen cases, including two of their own, 
were reported. We consider our case to be 
of the cardiac type even though it fails to meet 
all of their criteria. 


( — storage disease of the heart is a 


CASE REPORT 


'K. H., a Japanese boy aged two years and four 
months, was hospitalized on October 23, 1957, be- 
cause of high fever and shortness of breath. 

Family History: The patient’s father and mother 
were first cousins. Their first child died at the age 
of one year and three months due to bronchopneu- 
monia. The second child died at the age of five 
days due to an unknown cause. ‘The third child was 
underdeveloped at birth and died at the age of one 
year and eight months due to high fever associated 
with congenital heart disease. However, the nature 
of the malformation was not clear. The fourth 
child, a female, was underdeveloped but had an 
uneventful growth. She is now doing well. 

Past History: The patient, the fifth child, was 
born after a full term pregnancy and a normal 
delivery. Prior to this admission, he was hospitalized 


on January 30, 1956, and again on December 17, 1956, 
for bronchopneumonia, which responded promptly 
to antibiotic therapy. Approximately three days 
prior to admission, fever and cough were noted and 
dyspnea gradually increased. 

Physical Examination: On admission the infant 
appeared poorly nourished without cyanosis of the 
lips and extremities. The face was pale and there 
was slight dyspnea. The pulse was 140 per minute 
and regular. The respiratory rate was 40 per 
minute and the temperature 38° C. The blood 
pressure was 118/64 mm.Hginthearm. The tongue 
was normal. There was marked enlargment of the area 
of cardiac dullness. ‘There were no audible murmurs 
and the pulmonary second sound was slightly ac- 
centuated. Fine rales were audible over both lungs. 
The edge of the liver was palpable 2 cm. below the 
right costal margin. The spleen was not palpable. 

Laboratory Studies: Examination of the blood on 
admission revealed the hemoglobin to be 15.5 gm., 
there were 9,500 white blood cells per cu. mm. with 
23 per cent neutrophils, 62 per cent lymphocytes, 
13 per cent monocytes and 1 -per cent eosinophils. 
Red blood cells were 5.55 million. Sedimentation 
rate was 40 mm. per hour (corrected), and hemato- 
crit 38 per cent. Urinalysis revealed a specific grav- 
ity of 1.018 and a pH of 5; no excessive amounts of 
protein, sugar or acetone were detected. 

X-ray films of the chest showed moderate cardiac en- 
largement mainly left ventricular, with some left atrial 
enlargement. There was no evidence of pneumonia 
(Fig. 1). The electrocardiogram on admission revealed 
slight right axis deviation in the limb leads. P 
waves were normal. The QRS duration was 0.06 
second, the P-R interval 0.12 second. Precordial 
leads revealed very high amplitude QRS complexes 
(R wave 40 mm. in leads V; and V;; and the R/S ratio 
26/40 mm. in lead V). However, there was~no 
depression of the S-T segments or inverted T waves 
(Fig. 2). We interpreted these findings in an infant’s 
electrocardiogram as showing left and right ventricu- 
lar hypertrophy. 


Hospital Course: The patient was ‘given tetra- 


* From the Departments of Pediatrics, Medicine and Pathology, St. Luke’s International Hospital, Tokyo, Japan. 
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Fic. 1. X-ray film of the chest in the anteroposterior 
projection taken at the age of twenty-one months. 


cycline, 500 mg. per day, by the oral route. The 
fever subsided gradually, and subsequently respira- 
tory distress disappeared. On the tenth hospital day, 
the patient seemed to be well and antibiotic therapy 
was withdrawn. Despite improvement of his gen- 
eral condition, cardiomegaly remained. We sus- 
pected idiopathic cardiomegaly. On October 31, 
liver function tests were carried out. The thymol 
turbidity test was 2.7, cephalin-cholesterol floccula- 
tion test was 1 plus, and the bromsulphalein test 


v5/2 es 


Fic. 2. Electrocardiogram taken at the age of twenty- 
one months. Note high amplitude QRS complexes in 
all precordial leads. Leads taken at one-half and 
one-third standardization. 
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Fic. 3. X-ray film of the chest in the anteroposterior 
projection taken fifteen hours prior to death. 


was normal. ‘The serum levels of sodium, potassium, 
chloride and CO» were within normal limits. The 
following day an intravenous glucose tolerance test 
was performed, and was normal. The patient was 
discharged on November 13. 

Final Admission: The patient was again admitted 
on May 2, 1958. Two days before this terminal 
hospitalization the patient had a cough, high fever 
(40° C.) and he became dyspneic. 

The temperature on admission was 39° C., pulse 
rate over 160 per minute. Cyanosis was noted on 
the lips and extremities. The patient was dyspneic 
and restless. The jugular veins were markedly 
distended. There was an increase in palpable ac- 
tivity over both ventricles. The point of maximal 
impulse encroached on the fifth intercostal space. 
The second pulmonic sound was now much louder 
than before and reduplicated. A diastolic gallop 
sound was present at the apex. A few fine rales 
were heard at the base of the left lung. The breath 
sounds were slightly depressed in both cases. X-ray 
films of the chest showed bilateral bronchopneumonia 
(Fig. 3). 

The patient was given oxygen inhalation and 
lanatoside C (Cedilanid®) intravenously. However, 
he did not respond and went into a rapid down- 
hill course. Thirty hours later the cyanosis in- 
creased and he died in spite of all therapeutic efforts. 


AUTOPSY FINDINGS 


Gross Examination: The body weighed 10 kg. and 
it appeared slightly malnourished. There was slight 
edema of the face and legs. Thirty cc. of straw- 
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Fic. 4. Cross section of myocardium. Note extreme 
thickness of left ventricle. 
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colored fluid were present in the right pleural cavity. 
The heart was markedly enlarged, weighing 140 
gm. (Fig. 4). It was globular in form and occupied 
most of the thoracic cavity. Left ventricular dilata- 
tion was prominent. The myocardium was anemic, 
cloudy and fibrotic, and the left ventricle measured 
2.5 cm. in thickness. Both atria were normal. All 
valves appeared normal. The foramen ovale and 
ductus arteriosus were already closed. The endo- 
cardium was milky white in color. The diameter of 
the pulmonary artery was 1.1 cm. and that of the 
aorta was 1.3 cm. There was no remarkable 
change in the coronary arteries. 

The liver weighed 573 gm. and was slightly en- 
larged, with congestion. The cut surface was 
markedly cloudy, swollen and pale. There was some 
deposition of fat. Each kidney weighed 49 gm. 
There was some congestion. The pancreas weighed 
20 gm. and the spleen 40 gm. There was no re- 
markable change in either organ. Each lung 
weighed 130 gm. Both were red and edematous. 
On sections, there were a few miliary yellow abscesses 
in both lower lobes. The upper lobes revealed poorly 
aerated tissue and frothy mucoid secretions were 
present in the bronchial tree. 

Microscopic Findings: Heart: The myocardium 
(Fig. 4) shqwed muscle fibers containing large, clear 
vacuoles with positive result by PAS stain. A 
typical “lacework” appearance was demonstrated 
(Fig. 5). <A salivary test was positive. The endo- 
cardium was not remarkable. Liver: Glycogen 
granules were moderately increased in the liver cells 
and slightly increased in the Kupffer’s cells. 

Muscles: Muscle fibers of the diaphragm, tongue 
and arm muscles contained various-sized vacuoles 
within the sarcoplasm. Marked glycogen deposit 
was noted in them. Pancreas: Glycogen was found 
in the excretory glands, but not in the islands of 
Langerhans. Salivary gland: Glycogen was moder- 
ately increased in the parenchyma, but not in the 
ductal epithelium. Smooth muscles: Glycogen was 
found in the smooth muscles of the stomach and 


Fic. 5. A section of myocardium showing typical “‘lace- 
work” appearance. Hematoxylin and eosin stain. 
Original magnification < 100. 


urinary bladder, but not in the small and large 
intestine and blood vessels. Endocrine organs: nu- 
merous glycogen granules were demonstrated in the 
cortex and a few in the ganglion cells of the medulla 
of the adrenal glands. 

Lungs: There were scattered areas of broncho- 
pneumonia with many small abscesses. In addition, 
in the affected bronchial epithelia, there were baso- 
philic intranuclear inclusion bodies. We considered 
these to be specific inclusions of adenoviruses (per- 
haps type 3). It is interesting to note that such 
conditions are extremely rare in the lung. 


COMMENTS 


The criteria for diagnosis of glycogen storage 
disease of the heart listed by di Sant Agnese 
et al.® are: (1) marked enlargement of the 
heart; (2) death within the first year of life; 
(3) typical “lacework” appearance of histologic 
sections of myocardium, resulting from massive 
deposition of stored material in all cardiac fibers; 
and (4) chemical or histochemical demonstra- 
tion of glycogen as the material causing infiltra- 
tion of the myocardial fibers. Our patient 
first showed symptoms when five months old 
and died at two years and seven months of age 
thus not fulfilling the second criterion. How- 
ever, the other criteria were completely met. 
The tissue material strongly stained by PAS 
was also completely decolorized after exposure 
to human saliva, evidence that it was poly- 
saccharide. The globular-shaped, enlarged 
heart with typical “lacework’”’ appearance of 
vacuolization in sections stained with hema- 
toxylin and eosin excludes “rhabdomyoma gly- 
cogenica circumscripta.’’!° 

We believe that the hepatorenal form of 
glycogen storage disease can be excluded be- 
cause (1) the kidneys were normal in size and 
appearance and the microscopic sections showed 
unusual histology with no polysaccharide de- 
posits; (2) the liver was only slightly enlarged 
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(although there was some glycogen in the cells) ; 
and (3) prominence of the cardiac abnormality, 
both clinically and _ histologically. Recent 
workers emphasize the importance of biochem- 
ical analysis of the polysaccharide in postmortem 
material.”"! We were unable to carry out 
biochemical analyses other than histochemical. 
Nevertheless, we believe that this case represents 
the cardiac type of glycogen storage disease, 
in spite of the patient’s age which was far beyond 
one year. So far as we know, no previous 
case of the cardiac type has been reported in the 
Japanese literature. 

The etiology of this disease is complicated and 
still obscure. Transmission as a recessive and 
perhaps sex-linked trait has been suggested.” 
Our patient demonstrated consanguinity which 
has been noted in several cases in previous 
reports.'*4 We believe that further biochemi- 
cal and histochemical investigation may dis- 
cover the cause. 


SUMMARY 
A case of glycogen storage disease of the 
heart is reported. This is believed to be the 
first such case in Japan. An unusual feature 
is the age at death (two years, seven months). 
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Pulmonary Artery Aneurysm with 
Dissection After Blalock Operation 
for Tetralogy of Fallot’ 


SAMUEL EpsTEIN, M.D. and ABput F. Naji, M.D. 


Brooklyn, New York 


N A recent review of operative procedures for 
I tetralogy of Fallot, Lillehei' listed four 
problems occurring postoperatively when shunt 
operations are performed to alleviate tetralogy 
of Fallot. (1) A child may outgrow the con- 
tribution of an anastomotic operation. (2) 
No increased protection has been provided 
against bacterial endocarditis. (3) If the origi- 
nal shunt is too large, recurrent bouts of cardiac 
decompensation may occur. (4) A patient 
with a shunt may require subsequent corrective 
surgery which would be more difficult. The 
present case demonstrates a late complication 
of the shunting procedure. 

Ross et al.? reported thirty-four cases in which 
hemodynamic complications occurred three or 
more years after systemic-pulmonary artery 
anastomotic procedures for cyanotic congenital 
heart disease. Massive enlargement of the 
pulmonary artery was noted in five patients and 
was associated with pain in the chest and 
hemoptysis in one patient. 


CasE REPORT 


A nineteen year old white male student entered the 
Maimonides Hospital with a chief complaint of pre- 
cordial pain of twelve hours’ duration. The pa- 
tient’s history showed that he had been cyanotic at 
birth and squatted frequently during childhood. At 
the age of six and a half years the patient underwent 
a Blalock operation at Johns Hopkins Hospital, pre- 
sumptive diagnosis being tetralogy of Fallot. Cyano- 
sis disappeared and the patient was able to walk long 
distances and perform normal activities. Since that 
time there had been no episodes of cyanosis, cardiac 
decompensation or any other complications referable 
to his cardiac status. ‘Two years prior to this admis- 
sion he began to have intermittent episodes of 
hemoptysis, spitting up from a few specks to a cupful 


of red blood. These episodes, which lasted two or 
three days, occurred every four or five weeks for ap- 
proximately one year. Two years ago he was read- 
mitted to Johns Hopkins Hospital, where an angio- 
cardiogram and cardiac catheterization were per- 
formed. The patient was told that he had a dilata- 
tion of the pulmonary artery. 

There had been no history of pain in the chest 
until the morning of admission, when a dull, pressing, 
left-sided precordial pain which radiated to the back, 
both shoulders and arms was noted. Since then the 
pain had fluctuated in intensity, never disappearing 
completely. Pain was increased by deep breathing, 
movement, sitting and belching. It was decreased 
by standing and bedrest. ' 

Physical Examination: The patient appeared nor- 
mally developed. He complained of precordial 
pain. There was cyanosis of the nail beds and lips. 
The blood pressure was 140/80 mm. Hg; pulse 92 
and regular. The veins of the neck were slightly dis- 
tended, with dilation from below. Inspiratory crepi- 
tant rales could be heard over the lower third of the 
right lung field posteriorly and at the base of the left 
lung posteriorly. The heart was percussed in the 
fifth left interspace to the anterior axillary line and 
there was dullness to percussion 3 cm. to the left of 
the sternum in the second left interspace. A visible 
heave and systolic gallop were present at the apex. 
There was a grade 2, rough systolic murmur at the 
apex and a harsh, grade 3 systolic murmur heard best 
at the fourth interspace to the left of the sternum. A 
grade 2 harsh systolic murmur and soft blowing 
diastolic murmur were audible over the pulmonic 
area. 

Shortly after this examination, the patient com- 
plained of severe precordial pain, became extremely 
cyanotic, went into shock and died at approximately 
5:30 p.m. There are no laboratory data available 
except for a blood count which showed a hemoglobin 
of 19 gm. per cent, a leukocytosis of 17,000 and a 
marked shift to the left. A roentgenogram showed 
the heart to be considerably enlarged in its transverse 


* From the Departments of Medicine and Pathology, Maimonides Hospital, Brooklyn, New York. 
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Fic. 1. Posteroanterior film of the chest demonstrating 
increase in heart transverse diameter and considerable 
dilatation of the arteries. 


diameter, and there was considerable fullness of the 
pulmonary segment of the left border of the heart, as 
well as enlargement of the right pulmonary artery 
(Fig. 1). An electrocardiogram showed hypertrophy 
of the right ventricle (Fig. 2). 

It was suspected that the patient died from a dis- 
secting pulmonary aneurysm with rupture. 


AUTOPSY FINDINGS 


Gross Findings: The right and left lungs weighed 
600 and 500 gm., respectively. The outer surfaces 
were dark brown and the cut surfaces were dark 
brown and markedly congested. All lung tissue was 
less crepitant than normal, partially collapsed, 
slightly firm and of rubbery consistency. The lung 
collapse was in part due to the pressure of the dis- 
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Fic. 2. 
trophy of the right ventricle. 


Electrocardiogram showing ventricular hyper- 
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Fic.3. Generalized aneurysmal dilatation of pulmonary 
trunk and arteries. Top arrow, right subclavian and 
right pulmonary artery anastomosis. Bottom arrow, 
dissection tear in intima. Probe in ductus arteriosus. 


tended pericardial sac, but mainly to the enormous 
dilatation of the pulmonary artery trunk, the left 
and right pulmonary arteries and their main branches 
(Fig. 3). The dilatation was almgst symmetrical. 
The pulmonary artery trunk and the left and right 
pulmonary arteries measured 7 cm. each in circum- 
ference. The tree of the pulmonary arteries and 
their branches formed a large aneurysmal sac filled 
with blood and blood clots. These were loosely at- 


Fic. 4. Dissecting aneurysm of pulmonary trunk. 
Arrow points to area of intrapericardial rupture. 
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Fic. 5. Atretic pulmonary valve (arrow). 


tached to the walls of the sac without adhesions. The 
walls of the pulmonary arteries were markedly 
thickened and involved by extensive arteriosclerosis. 
The lining was irregular and wrinkled. Near the 
right hilum the right subclavian artery had been 
anastomosed to the right pulmonary artery by end-to- 
side anastomosis. The cut end of the subclavian 
artery which had been anastomosed to the side of the 
pulmonary artery measured 1.5 cm. in diameter. 
The anastomosis was wide and patent. 

The pulmonary trunk showed a dissecting aneurys- 
mal sac in the left wall which measured 4 cm. average 
diameter (Fig. 4). The aneurysm, which was filled 
with soft blood clot, was due to a transverse tear 
through the intima. The tear measured 3 cm. in 
length and started 4 cm. distal to the atretic pulmonary 
valve. The outer surface of the dissecting aneurysm 
was very thin. Pressure on this surface revealed a 
diffuse area, 1 cm. average diameter, through which 
blood leaked. There was no gross perforation, al- 
though minute fenestrations were noted when the 
wall was stretched. This area of defect in the 
aneurysmal wall was within the pericardial cavity 
and it was the cause of the hemopericardium. A 
patent ductus arteriosus, 0.5 cm. in length and in 
diameter, joined the aorta with the left pulmonary 
artery. 

The heart weighed 500 gm. The thin, trans- 
luscent epicardium showed a few areas of ecchymoses 
and subepicardial hemorrhages; the largest of these 


Fic. 6. Mitral valve and interventricular septal defect 


was located near the base anteriorly. The heart was 
globular and firm. There was hypertrophy of the 
wall of the left ventricle and, to a much greater ex- 
tent, the right ventricle, to the extent that it approxi- 
mated the thickness of the wall of the left ventricle. 
They measured 1.8 and 1.4 cm. in thickness. Both 
ventricles were somewhat larger in capacity than 
normal. The tricuspid valve measured 11 cm., the 
mitral valve, 9.5 cm. and the aortic valve, 9 cm. at 
the rings. The pulmonic valve was completely 
atretic (Fig. 5). The right ventricle was separated 
from the pulmonary trunk by a diaphragmatic sheath 
formed by the fusion of the rudimentary pulmonary 
valvular leaflets. The areas of fusion of the leaflets 
were noted as slightly elevated small ridges. The 
subpulmonary tract of the right ventricle was 
markedly stenotic. The leaflets of the aortic valve 
were wider than normal, uniform, mobile and thin. 
The mitral and tricuspid valves appeared normal. 
The mural endocardium was thin and translucent. 
There was a membranous interventricular septal 
defect, measuring 2 cm. in diameter, located imme- 
diately beneath the overriding aorta (Fig. 6). The 
aorta was slightly wider in capacity than is normal 
and showed slight arteriosclerosis which was more 
prominent in the arch. The coronary ostia and the 
coronary arteries were patent. 

Microscopic Findings: Many sections from all lobes of 
the lungs were examined and in each the findings 
were similar. The pleura was moderately thickened 
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and fibrous. Focal areas of atelectasis were noted 
throughout. Large amounts of hemosiderin deposits 
within macrophage cells occupied the pulmonary 
alveoli, the interstitial tissue and many small bron- 
chioles. The alveolar walls were thickened and con- 
tained more fibrous tissue than normal. The capil- 
laries in the alveolar walls, as well as the small and 
large vessels, were markedly congested. In many 
areas alveolar and interstitial hemorrhages were 
noted. Occasional foci of round cell infiltration 
within fibrous areas and around small vessels were 
present. 

The large pulmonary arteries showed marked inti- 
mal and medial thickening and fibrosis with partial 
loss of demarcation between intima and media. 
Vascularization of the fibrous media was noted in 
some places. The elastic fibers were markedly 
diminished and fragmented. Lipid and calcific de- 
posits were present in the intima and media, in some 
places to a marked extent. The dissection in the 
wall of the pulmonary trunk separated the outer one- 
third from the inner two-thirds of the media. Sec- 
tions from the margin of the dissecting aneurysm 
showed a thin uniform endothelial lining. The rest 
of the pulmonary arteries were markedly thickened. 
The small arteries and arterioles showed cellular 
proliferation of their walls with extensive narrowing 
of theirlumens. Complete obliteration of the lumens 
of a few arterioles and small arteries was also noted. 
Some small arteries contained thrombi in varying 
stages of organization. Large organizing thrombi 
were attached to the intima of a few large and medium 
sized pulmonary arteries. 

The final pathological diagnoses were tetralogy of 
Fallot; status post Blalock operation; aneurysm of 
pulmonary arteries with dissection and rupture into 
the pericardium. 


COMMENTS 


This case demonstrates a late complication of 
the Blalock-Taussig operation in tetralogy of 
Fallot. The pathological findings suggest that 
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the patient had pulmonary hypertension. This 
was followed by aneurysmal dilatation of the 
pulmonary arteries. It is generally believed 
that the complication is related to a shunt of 
greater than ideal size. In 1958, Leeds’ 
described eight patients with tetralogy of Fallot 
who had had a Blalock-Taussig anastomosis five 
to ten years previously. In two of these patients 
pulmonary hypertension developed. ‘Two simi- 
lar cases of pulmonary hypertension complicat- 
ing the Blalock-Taussig procedure were re- 
ported by Ross et al.” In the case reported 
herein, postoperative cardiac catheterization 
was performed, but the pulmonary artery could 
not be entered.” 


SUMMARY 


1. A case of pulmonary artery aneurysm 
with antemortem diagnosis of dissection is pre- 
sented. 

2. The patient first experienced hemoptysis 
two years previous to admission, due to either 
congestive failure or “weeping” of the pul- 
monary artery aneurysm into the bronchial tree. 

3. This type of clinical course emphasizes 
the need for definitive surgical correction by 
open cardiotomy in the management of the 
tetralogy of Fallot. 
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Diagnostic Shelf 


Dissociation of Pacemakers Located within 


the Atrioventricular Node’ 


Rosert B. CHEVALIER, M.D.t and CHARLEs FIscH, M.D. 


Indianapolis, Indiana 


(A-V) dissociation §re- 
sulting from interference between two 
pacemakers is usually manifested by the atria 
being under control of the S-A node while the 
ventricles are controlled by the A-V node, or 
less commonly, by an idioventricular pace- 
maker. The rate of the two pacemakers is 
different, with the ventricles beating faster than 
the atria. One of the rarest forms of dissocia- 
tion is one in which both pacemakers are located 
in the A-V node. In such cases inverted P 
waves are inscribed in leads II, III and aVF; 
the QRS, in the absence of pre-existing intra- 
ventricular block, shows normal conduction, and 
the two pacemakers have different rates of dis- 
charge. In the six cases'~® reported in the 
literature, the ventricular rate was faster in 
each of them 

Because of the rarity of such observations, this 
case was considered worthy of reporting. 


CasE REPORT 


The patient was admitted to the Marion County 
General Hospital for the treatment of congestive 
heart failure. At the time the cardiogram was ob- 
tained, the patient had been receiving 0.4 mg. digi- 
toxin daily for five days. Prior to that time he was 
receiving a maintenance dose of 0.1 mg. digitoxin. A 
routine 12 lead cardiogram (not shown) disclosed in- 
verted P waves in leads II, III and aVF; isoelectric P 
waves in lead I and upright P waves in leads aVR, 
aVLand V;. On the basis of this, the origin of the P 
waves was considered to be in the A-V node. 


ANALYSIS OF THE CARDIOGRAMS 


Lead II (Fig. 1): Two different appearing P 
waves, both inverted, are present in this lead. 
The two types of P waves are exemplified by the 
P1 and P10 waves in this strip. The distance 
between the two types of waves in 0.72 to 0.74 
second and 0.64 second, respectively. The 
first eight QRS complexes follow the P by fixed 
P-R intervals of 0.2 second and show nor- 
mal intraventricular conduction. The ninth 
through the twelfth QRS complexes follow a 
fixed P-R interval of 0.18 second. The P-14 is 
separated from the previous atrial wave by an 
interval of 0.7-+ second but is followed by an 
unusually short P-R of 0.12 second. The R-R 
interval of the QRS that follows P14 and the 
preceding QRS is 0.66 second. 

This tracing shows a nodal tachycardia with a 
shifting pacemaker within the A-V node (P1 
and P10) as well as a dissociation between the 
pacemakers responsible for P14 and the QRS 
that follows. The distance between the retro- 
grade P and the QRS of 0.18 to 0.2 second indi- 
cates retrograde A-V block. We assumed, 
perhaps arbitrarily, that the smaller P waves 
are located higher in the A-V node and the 
larger lower in the A-V node. 

Lead III (Fig. 1): The P wave are inverted, 
and all appear to have the same contour with 
perhaps the exception of P11, which is somewhat 
smaller. The distance between the P waves is 
0.72 second. No P wave can be discerned be- 
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Fic. 1. Tracings show dissociation of pacemakers located within the atrioventricular node. The diagram is con- 
ventional. A, A-V and V show conduction through the atria, atrioventricular node and ventricles, respectively. 


tween P10 and P11 and the distance is not a 
multiple of the fixed P-P interval of 0.72 second. 
The QRS complexes show normal intraventricu- 
lar conduction. The R-R interval of the first 
four complexes is 0.72 second and each is pre- 
ceded by a P-R of 0.2 second. The remaining 
R-R intervals measure 0.66 second. 


In this lead the first four P and QRS waves 
are initiated by the same focus in the A-V node. 
In the remainder of this lead a dissociation is 
present between pacemakers, both located in the 
A-V node responsible for the atrial and ven- 
tricular activation. This conclusion is based 
on a varying P-R interval and different, but 
fixed, rates of the atria and ventricles. Since 
the rates of both pacemakers fall within limits of 
nodal tachycardia, a “double” nodal tachy- 
cardia is present.* 

The interval of 1.62 second which is more than 
the expected multiple of 0.72, between P10 and 
P11, is difficult to explain with certainty be- 
cause of the wandering of the upper nodal pace- 
maker. It is our belief that a sudden delay, 
with block, of what would have been the next P 
wave, is responsible for the delay in appearance 
of P11. This phenomenon is one of concealed 
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conduction.’ The events following P11 are 
obscured for lack of a longer tracing. 


SUMMARY 


A case of dissociation within the A-V node 
with wandering of the upper nodal pacemaker 
and “double” nodal tachycardia is reported. 
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The Query Corner 


R 


EADERS are invited to submit queries on all aspects of cardiovascular diseases. 
far as possible these will be answered in this column by competent authorities. 


Inso- 
The 


replies will not necessarily represent the opinions of the American College of Cardiology, 
the JourRNAL or any medical organization or group, unless stated. Anonymous communi- 
cations and queries on postcards will not be answered. Every letter must contain the writ- 
er’s name and address, but these will not be published. 


Mitral Surgery During Pregnancy 


Query: What are the present day views concerning 
the indications for mitral commissurotomy during 
pregnancy? What are the operative results? 


Answer: The indications and contraindica- 
tions for mitral commissurotomy during preg- 
nancy correspond to those of the non-gravid 
state. Pregnancy, in fact, increases the urgency 
for commissurotomy in tight mitral stenosis 
because left atrial and pulmonary hypertension 
are aggravated by gestatory rises in cardiac 
output, heart rate and blood volume. Severe 
heart failure due to mitral stenosis in child- 
bearing women is almost always manifested by 
pulmonary edema. Because of its fulminating 
and frequently intractable character, pulmonary 
edema is the most common cause of maternal 
mortality in mitral stenosis. Each episode of 
antepartum pulmonary edema carries a mor- 
tality of 14 per cent. 

The gravid state does not increase the opera- 
tive risk of mitral commissurotomy. The 
mortality in 347 patients is less than 3 per cent. 
Operative failures in pregnant women, just as 
in men and in non-gravid women, are due 
mainly to improper selection of patients and to 
inadequate surgery. Normal gestatory cardio- 
vascular and respiratory phenomena (dyspnea, 
transient basal rales, accentuated pulmonic 
second sound, elevated venous pressure and 
edema of the lower extremities, and changes 
in cardiac contour) may simulate tight mitral 
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stenosis. Accordingly, prior to performing an 
antepartum commissurotomy, tight mitral ste- 
nosis first diagnosed during pregnancy usually 
should be confirmed by cardiac catheterization 
unless the patient is fibrillating or she gives 
a history of previous embolic episodes. The 
Valsalva maneuver may offer diagnostic aid 
where catheterization is contraindicated be- 
cause of the aforementioned conditions, or where 
catheterization in very early pregnancy may 
subject the fetus to undue hazards of radiation. 

Antepartum commissurotomy does not jeop- 
ardize the baby. Increased incidence of spon- 
taneous abortion or of premature labor is not 
observed following operation. Fetal mortality 
is actually decreased by preventing maternal 
deaths due to antepartum failure, and by 
avoiding the necessity of therapeutic abortion. 

Experiences have shown that commissurot- 
omy can be performed at any stage of preg- 
nancy, even as an emergency procedure at the 
time of peak hemodynamic burden. It is, 
therefore, clearly justifiable to recommend 
cardiac surgery with a 3 per cent mortality in 
order to avoid severe heart failure with a 14 
per cent mortality. The earlier in pregnancy 
that commissurotomy is performed, the sooner 
will benefits accrue. However, if the peak 
antepartum hemodynamic burden has already 
passed, it is probably advisable to defer surgery 
until after pregnancy. 


Curtis L. MENDELSON, M.D. 
New York, New York 
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AMERICAN COLLEGE OF CARDIOLOGY 
Ninth Annual Meeting 


May 25-28, 1960, Claypool Hotel, Indianapolis, Indiana 
Scientific Program 


First Scientific Session mM.D., R. P. Rogescu, mM.p. and V. K. 
STOELTING, M.D. 
Indianapolis Section 
3:30-4:00 p.m.—Intermission 
Wednesday, May 25, 2:00-5:30 p.m. 


Chairman: A. DupLey DENNISON, JR., M.D. 
Chairman: Joun B. Hickam, M.D. 
SECTION 
SECTION 1 7. Survey of the Problem of Patent Ductus 
1. A Comparison of Pulmonary Hemo- Arteriosus. 
dynamics when Determined at Timed GrorGE KAISER, M.D. 
Intervals During Exercise in Patients with 8. Observations on Embolism. 
Pulmonary Emphysema and Hypertension. IsipoR MANDELBAUM, M.D. 
Roy H. BExHNKE, M.D., Doucras H. 9. Renal Autoregulation. 
White, M.D. and Joun F. Jr., Gustavo Bounous, M.D., Mario ONNIS, 
M.D. M.D. and Harris B. SHUMACKER, JR., M.D. 
2. Effect of Inflation of Pressure Suit over the 10. Estimation of State of Peripheral Arterial 
Lower Half of the Body on Pulmonary Tree from Electronic Pulse Wave Studies. 
Diffusing Capacity for Carbon Monoxide Jor ARMBRUSTER, M.D. 
and the Pulmonary Capillary Blood Vol- 11. Studies of Coronary Sinus Flow. 
ume. JOHN PONZER, M.D. 
GLENN Ley, M.D., THomas Lorp, Gene 12. Hepatic Blood Flow Studies. 
Mappock and JosepH C. Ross, M.D. Harris B. SHUMACKER, JR., M.D. and 
3. The Immediate Effect of Mitral Com- RosertT KInc, M.D. 


missurotomy on Pulmonary Compliance. 
STUART BONDURANT, M.D., ROBERT KING, 


Fireside Conferences 
M.D. and Harris B. SHUMACKER, JR., M.D. 


4. Autoregulation of Intestinal Blood Flow. Wednesday, May 25, 8:30-10:30 p.m. 
Pau. C. JOHNSON, M.D. 

5. Effect of Potassium and Digitalis on Ven- 1. Surgery of Acquired Heart Disease. 
tricular Arrhythmias and A-V Conduction; CuHartes P. BaiLtey, M.D., New York, 
a Reappraisal of Digitalis and Potassium N. Y. and Donatp B. EFFLER, M.D., 
Relationship. Cleveland, Ohio. 

CHARLES Fiscn, M.D., B. L. MARTZ, M.D. 2. Cardiovascular Response to Environment 
and Frep H. PRIEBE, M.D. and Activity. 

6. An Investigation of the Vasodepressor Re- GeorcE E. Burcu, M.p., New Orleans, 
sponse to Ganglionic Stimulating Doses of La., HERMAN K. HELLERSTEIN, M.D., 
Acetylcholine. Cleveland, Ohio and Leon J. WarsHAw, 

R. W. GaropieEr, M.D., P. C. JoHNson, m.D., New York, N. Y. 
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3. Traumatic Heart Disease. 

Tuomas W. MartTINGLy, M.D., Washing- 
ton, D. C. and Emr A. NACLERIO, M.D., 
New York, N. Y. 

4. Life Stress and Heart Disease. 

LauRENCE E. HINKLE, JR., M.D., New 
York, N. Y. and Aprian M. OsTFELD, 
M.D., Chicago, III. 

5. Available Methods for Management of 

Hyperlipemia. 
IrnvinE H. Pace, M.D., Cleveland, Ohio, 
JEREMIAH STAMLER, M.D., Chicago, III. 
and JouHn M. Evans, m.p., Washington, 
D.C. 

6. Indications for and Administration of Anti- 

coagulants in Cardiovascular Disease. 
IrvinG BRoTMAN, M.D., Washington, D.C., 
T. FoLey, m.p., New York, 
N. Y. and E. StTeriinc NICHOLS, M.D., 
Miami, Fla. 

7. Office Use of Phonocardiography. 

E. E. EppLEMAN, JR., M.D., Birmingham, 
Ala. and Atpo A. LutsabA, M.D., Chicago, 
Ill. 

8. Unrecognized Myocardial Infarction. 
Smon Dack, m.D., New York, N. Y. and 
Myron PRINZMETAL, M.D., Los Angeles, 
Calif. 

9. Management of Arrhythmias. 

E. Grey Dimonp, m.D., Kansas City, 
Kan. and BERNARD Lown, m.D., Boston, 
Mass. 
10. Connective Tissue Disorders (Collagen) in 
Cardiovascular Diseases. 
SwwNEY ROTHBARD, M.D., New York, 
N. Y. and Joun H. .p., 
Chicago, III. 
11. Chronic Bronchitis, Emphysema and Heart 
Disease. 
Ross C. Kory, m.p., Wood, Wis., GEORGE 
R. MENEELY, M.D., Nashville, Tenn. and 


Joun B. Hickam, Indianapolis, 
Ind. 
12. Life Expectancy of the Patient with Heart 
Disease. 


GeorcEe W. CALvER, M.D., Washington, 
D. C., Georce R. HERRMANN, M.D., 
Galveston, Texas and Harry E. UNGER- 
LEIDER, M.D., New York, N. Y. 
13. Physiology and Treatment of Disorders of 
the Coronary Circulation. 
E.iot Corpay, M.D., Los Angeles, Calif. 
and RicHARD GoRLIN, M.D., Boston, Mass. 
14. Treatment of Angina Pectoris. 
ArTHUR M. MasTER, m.D., New York, 


N. Y., Henry I. Russex, m.p., Staten 
Island, N. Y. and JosepH B. Wo 
M.D., Fairview Village, Pa. 


Second Scientific Session 
Thursday, May 26, 9:00-—12:30 a.m. 


Chairman: Louts F. BisHop, M.D. 


1. Diagnosis and Treatment of Cardiac 
Tumors. 

CRAWFORD W. Apams, M.D., HAROLD A. 
CoLuins, M.D. and JosEpH H. ALLEN, 
M.D., Nashville, Tenn. 

2. Serum Glutamic Oxaloacetic Transaminase 
Activity in Acute Coronary Thrombosis 
with Myocardial Infarction. 

MarsH McCa tt, m.p., ARTHUR HERTz, 
M.D. and IRvING RAPPAPORT, M.D., New 
York, N. Y. 

3. Results of Combined Transthoracic Left 
and Percutaneous Right Heart Catheter- 
ization in Valvular Lesions of the Left 
Heart. 

Pau KeEzpj, M.D., Chicago, Ill. 

4. Restenosis and Reoperation for Mitral 
Stenosis. 

Dwicut E. HARKEN, M.D., HARRISON 
BLACK, M.D., WARREN J. TAYLOR, M.D. 
and LaurENcE B. ELLIs, M.D., Boston, 
Mass. 

5. Practical Clinical Coronary Angiography. 
Davip LITTMANN, M.D., FRANK CROWLEY, 
M.D. and Davip DEAN, m.pD., West Rox- 
bury, Mass. 

6. To be read if time permits: The Current 
Status of Bile Acid Metabolism with Par- 
ticular Reference to Cholesterol. 

Ropert B. FatLey, Jr., M.p., Indian- 
apolis, Ind. 


70 :30-17:00 a.m.—Intermission 


Chairman: GeorGE R. MENEELY, M.D. 


7. Hemodynamic Effects of Balloon Obstruc- 
tion of the Abdominal Aorta and Closed- 
Chest Extra-Corporeal Circulation in Ex- 
perimental Myocardial Infarction with 
Shock. 

A. KUHN, M.D., FRANK GRUBER, 
M.D., ALBERT FRANKEL, M.D. and SHER- 
MAN KupPFER, M.D., New York, N. Y. 

8. The Normal QRS Vectorcardiogram in 
Infants and Children from Birth to Fifteen 
Years. 

Homosono B. CALLgEJA, M.D., RAYMOND 
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E. BARKER, M.D. and Ray W. KiIssAng, 
M.D., Columbus, Ohio. 

9. A Study of 17,000 Electrocardiograms in 
Healthy Fit Males. 

G. W. m.p., London, Ontario, 
Can. 

10. The Vectorcardiogram in Direct Posterior 
Wall Infarction. 

Epwin L. RoTHFELD, M.D., FRED W. 
WACHTEL, M.D., WILLIAM S. KARLEN, 
M.D. and ARTHUR BERNSTEIN, M.D., New- 
ark, N. J. 

11. Ballistocardiographic Evaluation of the 
Cardiovascular Aging Process in Overtly 
Healthy Males Ages 18-54. 

Lr. ArtHurR J. Moss, Mc, 
Pensacola, Fla. 

12. Experience in Cinefluorography. 
Rosert S. GREEN, M.D., Cincinnati, Ohio. 


USNR, 


Third Scientific Session 


Thursday, May 26, 2:00-4:30 p.m. 
CONVENTION GUEST LECTURE 


Introduction: OsLerR A. ABBOTT, M.D., 
President 


Some Prevalent Errors in the Practice of 


Cardiology. 
SAMUEL A. LEVINE, M.D., Boston, Mass. 


3:00-3:30 p.m.—Intermission 


Chairman: E. Grey Dimonp, M.D. 


1. Origin of Both Great Vessels from the Right 
Ventricle. 

Henry N. NEuFELD, M.D., JAMES W. 
DuSHANE, M.D., EARL H. Woop, .p., 
Joun W. Kirkuin, M.D. and JEsseE E. 
EDWARDs, M.D., Rochester, Minn. 

2. Cardiovascular Findings in Children with 
Sickle Cell Anemia. 

HERBERT SHUBIN, M.D., Morse J. SHAPIRO, 
M.D., REUBIN KAUFMAN, M.D. and Davip 
C. Levinson, M.D., Los Angeles, Calif. 

3. Pain in the Chest Associated with Hyper- 
tension of the Lesser Circulation. 

H. WEHRMACHER, M.D., Chicago, 
Ill. 

4. The Feasibility of Anticoagulant Therapy in 
Coronary Artery Disease with Congestive 
Heart Failure. 

M. Tanpowsky, M.D. and WALTER 
A. Fuge, M.D., Hollywood, Calif. 
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5. To be read if time permits: Cholesterol 


Cripples. 
G. Douctas TALBOTT, M.D., Dayton, Ohio. 


6. Antagonists of Digitalis Toxicity—Experi- 
mental Studies. 
E. T. ANGELAKOs, M.D. and H. I. Hur- 
WITZ, B.s., Boston, Mass. 
7. Newer Methods of Medical Treatment of 


Coronary Insufficiency. 
E. FREMONT, M.D., Brooklyn, 


Annual Business Meeting 
Thursday, May 26, 4:30-5:30 p.m. 


Fourth Scientific Session 
Friday, May 27, 9:00-12:30 a.m. 


Symposium on 
RECENT ADVANCES IN THE TREATMENT OF 
CONGESTIVE HEART DISEASE* 


Moderator: KENNETH G. KOHLSTAEDT, M.D., 
Indianapolis, Ind. 


1. Changing Concepts of Mechanism. 

RicHArp H. Lyons, m.p., Syracuse, N. Y. 
2. Use of Cardiac Glycosides. 

RicHarpD J. Bina, M.p., Detroit, Mich. 
3. Fluid and Electrolyte Metabolism. 

Joun H. Moyer, m.p., Philadelphia, Pa. 


10 :30-11:00 a.m.—Intermission 


4. Diuretics and Other Measures. 
E. Hucu Luckey, m.p., New York, N. Y. 


Fifth Scientific Session 
Friday, May 27, 2:00-5:30 p.m. 


SURVEY OF THE DIAGNOSIS AND TREATMENT OF 
CONGENITAL HEART DISEASE 


Moderator: OsLER ABBOTT, M.D., Atlanta, 


Ga. 


1. Diagnosis of Acyanotic Congenital Heart 
Disease. 
BENJAMIN M. Gasut, M.D., Chicago, III. 
2. Diagnosis of Cyanotic Congenital Heart 


Disease. 
Henry A. ZIMMERMAN, M.D., Cleveland, 


Ohio. 
3 :00-—3 : 30 p.m.—Intermission 
* Presented by the American Heart Association. 
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3. Surgical Treatment and End Results in 
Acyanotic Congenital Heart Disease. 
Rosert P. GLover, M.D., Philadelphia, Pa. 
4. Surgical Treatment and End Results in 
Cyanotic Congenital Heart Disease. 
Harris B. SHuMACKER, JrR., M.D., Indian- 
apolis, Ind. 


Groedel Memorial Lecture on Humanities in 
Medicine 


Friday evening, May 27 


The Humanities in Medicine. 
JoHN B. Youmans, M.D., Washington, D. C. 


Sixth Scientific Session 
Saturday, May 28, 9:00-—12:30 a.m. 


Symposium on 
EXTREME HYPOTHERMIA IN CARDIAC SURGERY 


Moderator: Ivan Brown, M.D., Durham, 


N.C. 


1. Experimental and Clinical Experience with 
Perfusion Hypothermia. 
W. GLENN Youna, m.p., Durham, N. C. 
2. Cardiac Physiology During Hypothermia. 
E. T. ANGELAKOs, M.D., Boston, Mass. 
3. Metabolic and Functional Aspects of the 
Hypothermic Heart. 
Jack J. GREENBERG, M.D., Bethesda, Md. 


10:20-10:50 a.m.—Intermission 


Moderator: Harris B. SHUMACKER, Jr., 


M.D., Indianapolis, Ind. 


4. Regional Hypothermia. 
Vincent L. Gort, m.p., Minneapolis, 
Minn. 


5. Experiences with Perfusion Hypothermia. 
Bruce JOHNSTON, M.D., San Francisco, 
Calif. 


Scientific Exhibits 


The Effect of the Cardiac Arrhythmias on the Re- 
gional Circulation of the Vital Organs. ELior 
Corpay, M.D., Los Angeles, Calif. 


From Parenteral Digitalization to Oral Maintenance. 
Rosert B. Croucn, m.p., Houston, Texas. 


Conditioned Renal Responses. SAamuet A. Corson, 
PH.D., ELIZABETH O’LEARY CorsON, PH.D. and 
Roscoe A. DykKMAN, PH.D., New Haven, Conn. 


Clotting Mechanism. E. R. M.D., Buffalo, 
N. Y. 


The Precordial Electrocardiogram During Exercise. 
Atvin H. FREMAN, M.D., RAMON ABARQUEZ, M.D., 
FREDERICK REICHEL, M.D. and Joun S. LADvugE, M.D., 
New York, N. Y. 


Diuresis in Congestive Heart Failure. Morton 
Fucus, M.D., Philadelphia, Pa. 


The Circulation During Hypotension (Shock). Max 
H. Wet, m.p., Los Angeles, Calif. 


Observations in the Vascular System Associated with 
Bowel Function. ALFRED HALPERN, PH.D., Paut H. 
Kuun, m.p., Saut S. SAMUELS, M.D., NORMAN SHAF- 
TEL, M.D., HERBERT SHAFTEL, M.D. and Davip 
SELMAN, M.D., New York, N. Y. 
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IN ANGINA PECTORIS AND 
CORONARY INSUFFICIENCY 


... the treatment must go further 
than vasodilation alone. It should also 
control the patient’s ever-present 
anxiety about his condition, since 
anxiety itself may bring on 

further attacks. 


AFTER MYOCARDIAL INFARCTION 


... it is frequently not enough to 
boost blood flow through arterial 
offshoots and establish new circulation. 
The disabling fear and anxiety that 
invariably accompany the condition 
must be reduced, or the patient 

may become a chronic invalid. 


Protects your coronary patient 


better than vasodilation alone 


Unless the coronary patient's ever-present anxiety 


about his condition can be controlled, it can easily induce 


an anginal attack or, in cases of myocardial 
infarction, considerably delay recovery. 


This is why Miltrate gives better protection for the heart 
than vasodilation alone in coronary insufficiency, angina 
pectoris and postmyocardial infarction. Miltrate contains 
not only PETN (pentaerythritol tetranitrate), acknowledged as 
basic therapy for long-acting vasodilation. What is 

more important — Miltrate provides Miltown, a tranquilizer 
of proven effectiveness in relieving anxieties, fear and 
day-to-day tension in over 600 clinical studies. 


Thus, your patient’s cardiac reserve is protected against his fear 
and concern about his condition...and his operative arteries 
are dilated to enhance myocardial blood supply. 


Miltrate 


Miltown® (meprobamate) + PETN 


cML-1388 
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: Bottles of 50 tablets. 


~ Each tablet contains 200 mg. 


Miltown and 10 mg. penta- 


. erythritol tetranitrate. 


Dosage: | or 2 tablets q.i.d. 
before meals and at bedtime, 
according to individual require- 
ments. 


1. Ellis, L. B. et al.: Circulation 


. 17:945, May 1958. &. Friedlander, 


H. S.: Am. J. Cardiol. 1:395, 
Mar. 1958.8. Riseman, J.E.F.: New 
England J. Med. 261:1017, Nov. 
12, 1959. 4. Russek, H. I. et al.: 
Circulation 12:169, Aug. 1955. 
Russek, H. Am. J. Cardiol. 
3:547, April 1959. 6. Tortora, 
A. R.: Delaware M. J. 30:298, 
Oct. 1958. 7. Waldman, S. and 
Pelner, L.: Am. Pract. & Digest 
Treat. 8:1075, July 1957. 


(ff WALLACE LABORATORIES / New Brunswick, N. J. 
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in coronary insufficiency 


Metamine Sustained’ helps 
you dilate the coronaries 


METAMINE SUSTAINED (triethanolamine trinitrate biphosphate, 10 mg., in a unique sustained- 
release tablet) is a potent and exceptionally well tolerated coronary vasodilator. Pharmacological 
studies at McGill University demonstrated that METAMINE “exerts a more prolonged and as good, 
if not slightly better coronary vasodilator action than nitroglycerin . . .”! Work at the Pasteur 
Institute established that METAMINE exerts considerably less depressor effect than does nitro- 
glycerin.? Virtually free from nitrate side effects (nausea, headache, hypotension), METAMINE 
SUSTAINED protects many patients refractory to other cardiac nitrates,’ and, given b.i.d., is ideal 
medication for the patient with coronary insufficiency. Bottles of 50 and 500 tablets. Also: 
METAMINE, METAMINE WITH BUTABARBITAL, METAMINE WITH BUTABARBITAL SUSTAINED, 
METAMINE SUSTAINED WITH RESERPINE. 


1. Melville, K. I., and Lu, F.C.: Canadian M.A.J., 65:11, 1951. 2. Bovet, D., and Nitti-Bovet, F.: Arch. Internat. 
de pharmacodyn. et therap., 83:367, 1946. 3. Fuller, H. L., and Kassel, L.E.: Antibiotic Med. & Clin. Therapy, 
3:322, 1956. 


She. Looming g Co Sue New York 17, N. Y. *Patent applied for 
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MODEL TR.3 
DEVELOPED BY PAUL m mo. 


NEW MINIATURE CARDIAC PACEMAKER 


BATTERY POWERED, ALL-TRANSISTOR CARDIAC PACEMAKER 
-..- READY FOR INSTANTANEOUS STIMULATION AT ALL TIMES 


Another proven ELECTRODYNE instrument developed in conjunction with Paul M. Zoll, M. D. is 
now available. The all-transistor Pacemaker represents an important addition to the highly spe- 
cialized line of proven cardiac life-saving instruments now offered by ELECTRODYNE. No time loss, 
just flip the switch and within three seconds the new TR-3 is delivering stimulation. Operates from one 
long-life battery or, as an additional feature, may be plugged into any standard AC outlet. 

The TR-3 provides the necessary currents for both external and direct stimulation of the heart 
through completely independent outlets and cord sets. The amplitude of the stimulus is continuously 
variable from 0-150 volts for external stimulation and 0-15 volts for direct stimulation. 


A built-in compartment holds complete accessories easily available for immediate action. 


Open heart surgery: Provision for direct stimulation of heart for treatment of 


post-operative heart block through a wire attached directly to the myocardium. 


ELECTRODYNE 


ELECTRODYNE COMPANY INC. 20 ENDICOTT STREET NORWOOD, MASSACHUSETTS 
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effective 
by itself in most 
hypertensives 


avoroDIURIL with RESERPINE 


(HvoROcHLOROTHIAZIDE) 


indicated 
in all degrees 
of hypertension 


HYDROPRES can be used: 
> 2/o7e (in most patients, HYDROPRES is the only antihypertensive medication needed.) 


‘-} as basic therapy, adding other drugs if necessary (Should other anti- 
hypertensive agents need to be added, they can be given in much lower than usual dosage 
so that their side effects are often strikingly reduced.) 


>» as replacement therapy, in patients now treated with other drugs 
(in patients treated with rauwolfia or its derivatives, HYDROPRES can produce a greater anti- 
hypertensive effect. Moreover, HYDROPRES is less likely to cause side effects characteristic 
of rauwolfia, since the required dosage of reserpine is usually less when given in combination 
with HydroDIURIL than when given alone.) 


HYDROPRES-25 HYDROPRES -50 


25 mg. HydroDIURIL, 0.125 mg. reserpine. 50 mg. HydroDIURIL, 0.125 mg. reserpine. 
One tablet one to four times a day. One tablet one or two times a day. 


If the patient is receiving ganglion blocking drugs or hydralazine, 
their dosage must be cut in half when HYDROPRES is added. 


For additional information, write Professional Services, Merck Sharp & Dohme, West Point, Pa. 
MERCK SHARP & DOHME, DiviSiION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 


SHYDROPRES AND HYDRODIURIL ARE TRADEMARKS OF MERCK & CO., INC, 
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prompt 
treatment 
of cardiac 


arrhythmias 


Injectable Quinidine Hydrochloride, Brewer—the first injectable 
quinidine available in America—is especially indicated in ventricular tachycardia 
and in certain cases of auricular fibrillation. It usually begins to act 
within 15 to 30 minutes, and reaches its maximum effect in 114 to 3 hours. 
In one study of 107 cases of paroxysmal ventricular tachycardia, 
the investigators conclude: ‘‘The treatment of choice was quinidine therapy.’”! 
In refractory cases of paroxysmal tachycardia, 
the intravenous administration of Quinidine has proved effective.” 


ADMINISTRATION: Intramuscularly, or if necessary, intravenously. 


SUPPLIED: Quinidine Hydrochloride Injectable (0.6 gm.) in 5 cc. 
ampuls. Quinidine Hydrochloride Injectable (0.18 gm.) in 1% cc. ampuls. 
Also available for oral administration—Quindul (Quinidine Sulfate, 
Brewer) (3 gr.) in capsules, tablets and enteric coated tablets. 


Additional information and clinical reports forwarded on request 


Est. 1852 


Brewer & Company, Inc. 
WORCESTER 8 MASSACHUSETTS, U.S.A. 


1. Armbrust, C.A., Jr., and Levine, S.A.: Paroxysmal Ventricular Tachycardia: A Study of 107 Cases. Circulation 1:28 (1950) 
2. Bell, G.D., Bradley, R.B., and Hurxthal, L.M.: Paroxysmal Tachycardia, Experiences with Massive Doses of Quinidine Intravenously in a Refractory 
Case. Circulation 1:939 (1950) 
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in angina pectoris... 
24-hour protection against 
both pain and fear with just one 


Clinically proved'’?’* to establish peak nitrate blood levels soon after an initial dose 
and to maintain these levels throughout a 12-hour period... 


thus avoiding bothersome t.i.d. or q.i.d. routines, yet permitting the patient to enjoy 
up to 12 hours’ uninterrupted relief from pain and fear with a single COROVAS Tymcap: 
“,..it would appear that 60 mg. of PETN in TD capsule form [timed-disintegration 
COROVAS Tymcaps] is as effective as 80 mg. PETN in tablet form, in controlling the 


anginal attacks.”° C O R O V A S Tymcaps 


prolonged, sustained-action of vasodilating pentaerythritol tetra- 
nitrate (PETN) 30 mg., and sedative secobarbituric acid 50 mg. 


®» contro/s or prevents anginal pain 
» alleviates associated fear, apprehension and panic 
m» reduces frequency and severity of attacks 
» reduces the need for nitroglycerin 
Supplied—Boxes of 60 and 120 


|. Feinblatt, T. M., and Ferguson, E. A.: New Eng. J. Med. 256:331 (Feb.) 1957. 
2. Kupersmith, |. H.: International Record of Medicine, Vol. 171 No. 10 (Oct.) 1958. 
er 3. Berry, J. W., and Roach, T. C.: Circulation, Vol. 17, No. 6 (June) 1958. 


k-/ Amfre-Grant Inc. Brooklyn 26, New York 
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announcing a major event [iam 
anticoagulant 


Certified—before introduction—by 5 years of clinical experience 


and published reports in the U.S.A., Canada and Great Britain. 


new oral prothrombin depressant 


every stage anticoagulant therapy 
of induction and recovery time PECICtab1Lity of initial 
and maintenance dosages StADILICY of therapeutic prothrombin 
levels during maintenance therapy FEVETS1 D111 CY of anti- 


coagulant effect with vitamin K, preparations... rapid return to 


therapeutic levels on remedication 
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ell tolerated a relatively nontoxic Packaging—Miravon Tablets, 50 
daily dose conven consult the Schering Statementof Directions. 


for the cardiac / 
hypertensive 
obese 


(diethyl propion) 


hunger control 
free of 
pressor effects 


New Tenuate produces a pure anorexic effect, 
free of CNS stimulation.! EKG studies? prove 
Tenuate does not affect heart rate, blood 
pressure, pulse or respiration. 


Tenuate produces a satisfactory, progressive 
weight loss, often with minimum reliance on 
strict dieting or calorie counting.? 


Dosage: One 25 mg. tablet one hour before meals. 
To control nighttime hunger, an additional Tenuate 
tablet in mid-evening will not induce insomnia. 


hunger control 
for any 
obese patient 


3.Spielman, A.D.: Mich. Acad. Gen. Prac. Symposium, Detroit,1959. 
2. Alfaro, R. D. and Gracanin, V.: to be published. 


THE WM. S. MERRELL COMPANY 


NEW YORK « CINCINNATI « ST. THOMAS, ONTARIO 
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WHY 


should you 


the original crystalline digitoxin 


BECAUSE 


Flexibility of Administration—Digitaline 
Nativelle provides for rapid oral digitalization 
within a convenient range of tablet strengths. 
When desired the intravenous route, or the 
new intramuscular injection may be employed. 
The essentially non-alcoholic intramuscular 
formula, unlike most alcoholic menstrua, is 
virtually painless. 


Efficiency of Action — Digitaline Nativelle is 
pure digitoxin. It is rapidly, completely and 
uniformly absorbed—neither too fast nor too 
slow—providing a steady and predictable action 
upon the heart muscle. 


Dependability of Performance—Digitaline 
Nativelle [digitoxin] is the pure active glycoside 
insuring optimum range of cardiotonic activity. 
Digitoxin is a drug of choice when a purified 
digitalis product is desired. 


Adequate Margin of Safety—Digitaline Nativelle 
provides virtual freedom from annoying local 
side effects which may occur with the galenicals, 
and its margin of safety is unexcelled by any other 
purified preparation. A product of Nativelle, Inc. 


E. Fougera & Co., Inc. 


FOUGERA 


Hicksville, Long Island, N. Y. 
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Singoserp: 


It spares them from the usual rauwolfia side effects 


FOR EXAMPLE: “A clinical study made of syrosingopine [Singoserp] therapy in 77 ambulant 
patients with essential hypertension demonstrated this agent to be effective in reducing 
hypertension, although the daily dosage required is higher than that of reserpine. Severe 
side-effects are infrequent, and this attribute of syrosingopine is its chief advantage over 
other Rauwolfia preparations. The drug appears useful in the management of patients with 
essential hypertension.”* 

*Herrmann, G. R., Vogelpohl, E. B., Hejtmancik, M. R., and Wright, J. C.: J.A.M.A. 169:1609 (April 4) 1959. 


(syrosingopine CIBA) 


First drug to try in new hypertensive patients 


First drug to add in hypertensive patients already on medication 


supPLIED: Singoserp Tablets, 1 mg. (white, scored); bottles of 100. Samples available on request. 
Write to CIBA, Box 277, Summit, N. J. i 


Caw A 


UMMdT N 


Complete information available on request. 
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clinical endorsement grows 
proof accumulates 


ACTASE 


TRADEMARK 


Fibrinolysin 


NOT JUST A NEW DRUG...A NEW THERAPY | 
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SPECIFIC FOR THE DISSOLUTION 
OF INTRAVASCULAR CLOTS 
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ow—lysis of clots 


n thrombophlebitis and pulmonary embolism 


PUBLISHED CLINICAL RESULTS WITH ACTASE 


seurce* Indication Results 
Moser. K. M., et al.: Acute deep 62 decreased pain, disability, complications, 
Circulation 21:337, 1960. thrombophlebitis reduced mortality due to pulmonary 
embolization —in a controlled study 

Singher, H. 0., and Pulmonary 33 70% excellent; 24% questionable; 6% poor; 
Chapple, R. V.: Clin. Med. embolism “no untoward side effects” 
6:439, 1959. 
Chapple, R. V., and Phlebothrombosis 171 65% excellent; 26% good; 9% poor 
Singher, H. 0.: Canad. M.AJ. 
81:231 (Aug. 15) 1959. 
Howden, G. D.: Canad. M.A.J. Central retinal vein 1 “...an excellent thrombolytic response 
81:382 (Sept. 1) 1959. thrombosis ... femarkable visual improvement” 
Carroll, B. J.: Phtebothrombosis 82 60 excellent; 19 good; “...a distinct advance 
Angiology 10:308, 1959. in the treatment of thrombophlebitis” 
Harloe, J. P.: Thrombophlebitis 4 “more rapid resolution...more 
Angiology 10:283, 1959. clear-cut clinical response” 
Clifton, E. E.: Peripheral venous 38 improvement in large majority 
Angiology 10:244, 1959. thrombosis 

Pulmonary 5 4 completely relieved 

embolism 

Retinal vein 2 “no further progression” 

thrombosis 
Moser, K. M.: Deep venous 41 rapid response if treated within 5 days 
Angiology 10:319, 1959. thrombosis 
Sheffer, A. L., and Israel, H. L.: Pulmonary 6 4 excellent; 2 good 
Angiology 10:292, 1959. embolism 

Acute 9 good 

thrombophlebitis 

Retinal vein 7 2 excellent; 5 no benefit 

thrombosis 
Stewart, C. F.: iliofemoral 2 “remarkable” in 1; “considerable 
Angio!ogy 10:299, 1959. thrombophlebitis improvement” in the other 
Evans, J. A., and Smedal, M. I.: Postmastectomy 10 3 asymptomatic; 5 improved; 


Angio!ogy 10:311, 1959. 


thrombophlebitis of arm 


“offers promise ...in this field” 


*Reprints of these articles, as well as complete literature on intravenous fibrinolytic therapy with 


ACTASE, are available on request. 


Watch for your next issue of “VASCULAR VIEWPOINTS”—a new, comprehensive digest of vascular medicine. 


ORTHO PHARMACEUTICAL CORPORATION, RARITAN, N. J. 
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THE STIMULATING SIXTH BIENNIAL CARDIOVASCULAR SEMINAR 


BALMORAL HOTEL MIAMI BEACH 
APRIL 27th to 30th, 1960 


FACULTY 
Edmunds Grey Dimond, M.D. Harriet P. Dustan, M.D. 
William T. Foley, M.D. Charles K. Friedberg, M.D. 
Dwight E. Harken, M.D. John B. Hickam. M.D 
Robert M. Hosler, M.D. 
James Metcalfe, M.D. Bernard Lown, M.D. 
Eugene A. Stead, M.D. C. H. Millikan, M.D. 
W. Jape Taylor, M.D. Demetrio Sodi-Pallares; M.D. 


FOR FURTHER DETAILS CONTACT: 


HEART ASSOCIATION OF GREATER MIAMI 
2 S. E: 13th Street—Miami, Florida 


Yow “Avatalle— 


Bound Volumes of The American Journal of Cardiology 


Permanently bound in sky-blue buckram with 
gold stamping, these quick-reference volumes 
make attractive and useful gifts for your hos- 
pital, medical school, colleagues or your own 
personal library 


Please send Bound Volumes (indicated below) of The American 
Journal of Cardiology to: 


| 
| 
= | 
Street 
| eee eee Town State 
= Check choice 
CO Vol. 2 
VOL. 1—JAN.-JUNE 1958 = 
VOL. 2—JULY-DEC. 1958 over 
VOL. 4—JULY-DEC. 1959 $10.00 per Volume 0 Check Enclosed 
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= a proven drug— 
supported by extensive clinical ex- 
perience during the last ten years 


a selective physiologic 
action— 

unlike most nitrites, dilates coro- 
nary vessels principally, with mini- 
mal peripheral effects, so that 
coronary blood flow is increased 
with no significant change in blood 
pressure or pulse rate 


= exceptionally safe— 

safe for prolonged use—essentially 
free from side effects—tolerance has 
not been reported—no hypotension, 
orthostatic or otherwise, has oc- 
curred—so safe, it is used routinely 
even after a coronary 


= effective in mildest to 
severest angina pectoris— 
4 out of 5 patients experience re- 
duced frequency and severity of 
anginal attacks, increased exercise 
tolerance, lowered nitroglycerin de- 


pendence, improved ECG findings 


ideal in postcoronary 
convalescence — 

helps establish and sustain collat- 
eral circulation to reduce the extent 
of myocardial damage, to encour- 
age natural healing and repair, to 
minimize ensuing anginal attacks 


= adaptable prophylaxis— 
available in several formulations to 
meet the individual requirements 
of patients with coronary artery 
disease: Peritrate 20 mg. for basic 
prophylaxis, Peritrate with Pheno- 
barbital for the apprehensive pa- 
tient, Peritrate Sustained Action for 
convenient 24-hour protection with 
just 2 tablets daily. 


WARNER 


CHILCOTT 


MORRIS PLAINS, N.J. 
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Doctor, do you feel that your colleagues are missing 


important new developments in cardiology by not 


reading The American Journal of Cardiology? 


Let us send them a complimentary copy—of 
course there is no obligation to you or your 
colleagues. Just fill out the coupon and mail 


it to us 


Dr. Dr. 
Address Address 
Dr. Your Name 
Address Address 


The American Journal of Cardiology 
11 EAST 36th STREET NEW YORK 16, NEW YORK 
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Lifts depression...as calms anxiety! 


For cardiovascular patients—a smooth, balanced action that 


Cardiovascular patients 
respond in a few days. 
Thanks to your prompt 
treatment and the smooth 
action of Deprol, his de- 
pression is relieved and his 
anxiety calmed — often in 
two or three days. He eats 
well, sleeps well and his de- 
pression no longer compli- 
cates your basic regimen. 


lifts depression as it calms anxiety...rapidly and safely 


Balances the mood—no “seesaw” effect of 
amphetamine-barbiturates and ener- 
gizers. While amphetamines and energizers 
may stimulate the patient — they often 
aggravate anxiety and tension. And 
although amphetamine-barbiturate combi- 
nations may counteract excessive stimula- 
tion — they often deepen depression. 


In contrast to such “seesaw” effects, Deprol 
lifts depression as it calms anxiety — both 
at the same time. 


sage: Usual starting dose is 1 tablet q.i.d. When necessary, 


D 
this may be gradually increased up to 3 tablets q.i.d. 


Acts swiftly—the patient often feels better, 
sleeps better, within two or three days. 
Unlike most other antidepressant drugs, 
Deprol relieves the patient quickly — often 
within two or three days. 


Acts safely — no danger of hypotension. 
Deprol does not cause hypotension, tachy- 
cardia, jitteriness, or liver toxicity. It can 
be safely administered with basic cardio- 
vascular therapy. 


“Deprol* 


Composition: 1 mg. 2-diethylaminoethyl benzilate hydrochloride 


(benactyzine HCl) and 400 mg. meprobamate. 


Supplied: Bottles of 50 light-pink, scored tablets. Write for 


literature and samples. 


WALLACE LABORATORIES 
QQ) New Brunswick, N. J. 
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for cardiac arrhythmias... obvious advantages 


SQUIBB PROCAINE AMIDE HYDROCHLORIDE 


Pronestyl offers obvious advantages over quinidine and procaine in the management of cardiac 
arrhythmias: “Procaine amide [Pronestyl] should be the drug of choice in arrhythmias of ventricular 
origin.” '—on oral administration, side effects are less marked than with quinidine—administered 

I.V., Pronestyl is safer than a corresponding |.V. dose of quinidine—administered |.M., Pronestyl acts 
faster than |. M. quinidine2—Pronestyl sometimes stops arrhythmias which have not responded to 
quinidine*:4*—Pronesty! may be used in patients sensitive to quinidine—more prolonged action, less 
toxicity, less hypotensive effect than procaine—no CNS stimulation such as procaine may produce. 


Supply: For convenient oral administration: Capsules, 0.25 gm., in bottles of 100. 
For |. M. and |. V. administration: Parenteral Solution, 100 mg. per cc., in vials of 10 cc. 


References: 1. Zapata-Diaz, J., et al.: Am. Heart J. 43:854, 1952. 2. Modell, W.: in Drugs of Choice, C.V. Mosby Co., St. Louis, 1958, p. 454. 
3. Kayden, H. J., et al.: Mod. Concepts Cardiovasc. Dis. 20:100. 1951. 4. Miller, H., et al.: J.A.M.A, 146:1004, 1951. 


: Squibb Quality—the Priceless Ingredient 


‘pronestyi’® 1S A SQUIBB TRADEMARK 


52 


| 
| 
| 
| 
jog 
ic 
ie 
te 
| 
| 
N 
3, 
ven 
| 
SQuIBB (jj 


In hypoprothrombinemia 


BRAND OF VITAMIN K, 


Rapid action rate of absorption faster than menadione or derivatives... 
more potent and lasting effects. 


Wide margin of safety substantially safer than vitamin-K analogues—no kernicterus 
reported. 


Versatility of administration capsules for oral use... fine aqueous dispersion for parenteral 
administration. 


Compatibility unlike vitamin-K analogues or similar products, the paren- 
teral form of Konakion is a fine aqueous dispersion compatible 
with most I.V. vehicles. 


Low dosage forms no excess, no waste— packaged for economical one-time use, 


Prophylactically and therapeutically, Konakion is indicated in obstetrics to prevent or control 
neonatal hemorrhage, to minimize excessive bleeding in surgery, to offset anticoagulant over- 
dosage, and whenever vitamin-K utilization is impaired. Capsules—5 mg; Ampuls—1 mg/0.5 cc; 
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WITHOUT CLARIN, turbid blood serum five hours 
after a fat meal: This unretouched dark-field photo- 
micrograph (2500X) shows potentially hazardous fat 
concentrations circulating in the blood stream of a 
patient after a standard fat meal. 


CLARIN is sublingual heparin potassium. One 
mint-flavored tablet taken after each meal effec- 
tively “causes a marked clarification of post- 
prandial lipemic serum.” Clarin facilitates the 
normal physiologic breakdown of fats, with no 
effects on the blood-clotting mechanism.’ It 
therefore provides important benefits for your 
postcoronary patients. 


Indication: For the management. of hyperlipemia asso- 
ciated with atherosclerosis. 


Dosage: After each meal, hold one tablet under the 
tongue until dissolved. 


Supplied: In bottles of 50 pink, sublingual tablets, each 
containing 1500 I.U. heparin potassium. 


1. Fuller, H. L.: Angiology 9:311 (Oct.) 1958. 


2. Shaftel, H. E., and Selman, D.: Angiology 10:131 (June) 
1959, 


your postcoronary patients 


WITH CLARIN, clear blood serum five hours after a 
fat meal: After eating a standard fat meal as at left, 
the same patient has taken one sublingual Clarin - 
tablet. Note marked clearing effect and reduction in 
massive fat concentrations in this unretouched photo- 
micrograph (2500X). 


0.5 
Heparin Series 
5 Control Series 0 
= 
s 
0.1 


Fasting LHr. 2Hrs. 3Hrs. 4Hrs. SHrs. 6Hrs. 
Level Hours After Fat Meal 


Average serum optical density in 36 patients after fat 
meal with and without sublingual heparin.” 


*Registered trade mark. Patent applied for. 


Shes Leeming Ge, New York 17, N.Y. 
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Just two tablets at bedtime 
alseroxylon, 2 mg. . 


eee Goes more than lower bicod pressure! 


Seven years of experience show 
that RAUWILOID also affords 


> afe TY based on negligible incidence 
| of side actions 


Freed OTT) from concern over sudden 


hypotensive episodes or unwanted 
biochemical alterations 


Practi Cal ity. . simplicity of dosage 


.- applicable to a wide range of patients 


When more potent drugs are needed, prescribe 


one of the convenient single-tablet combinations 
Rauwiloid® + Veriloide Rauwiloid® + Hexamethonium 
alseroxyion 1 mg. and alkavervir 3 mg. alseroxylon 1 mg. and hexamethonium 
chioride dihydrate 250 mg. 
Many patients with severe hypertension can be main- Riker 
tained on Rauwiloid alone after desired blood pres- 
sure levels are reached with combination medication. 


Northridge, California 
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